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ter for Radiological Health, Public 
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Reports 


A SUMMARY OF EXPOSURES TO THE OFFSITE POPULATION AS A 
RESULT OF NUCLEAR REACTOR TESTS CONDUCTED AT THE 
NUCLEAR ROCKET DEVELOPMENT STATION DURING 1965 


Donald T. Oakley * 


A summary of whole-body and thyroid exposures resulting from five 
nuclear-reactor experiments conducted at the Nuclear Rocket Develop- 
ment Station during 1965 is presented. The exposures are compared with 
protection standards and it is shown that the exposures are small com- 


pared to the standards. 


During 1965, five releases of radioactivity 
from the Nuclear Rocket Development Station 
(NRDS), were detected in the offsite area: the 
releases from the Kiwi Transient Nuclear Test 
reactor safety experiment, Experimental Plans 
4, 5, and 6 of the NRX-—A3, and Experimental 
Plan 4 of Phoebus 1—A. As a part of the Rover 
program, testing and disassembling of a series 
of reactors designated Phoebus and Nerva are 
being conducted at the NRDS. This work is 
being administered by the Space Nuclear Pro- 
pulsion Office. The reactors are tested in an 
upright position so that the hydrogen coolant 
is exhausted upward along with escaping fission 
products. A summary of exposures from the 
tests is presented in the following tables; addi- 
tional information may be found in the surveil- 
lance reports on each test (1-3). A summary 
of reactor test data pertinent to the surveillance 
is presented in table 1. 


Whole-body exposure 


Monitors equipped with survey instruments 
recorded exposure rates due to cloud passage. 
From a plot of dose rate versus time, the ex- 
posure due to cloud passage has been estimated. 
In addition, an estimate of the infinite external 


1 Mr. Oakley, formerly reactor project officer on the 
staff of the Southeastern Radiological Health Labora- 
tory, is now attached to the Training Branch, National 
Center for Radiological Health, PHS, and is currently 
attending the University of Michigan. 
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Table 1. Reactor test data 





Integral power 
(megawatt- 
seconds) 


| Nominal oper- | 
ating power 


Date time 
(megawatts) | 


| } 
‘ | Transient | 
| 1058 PST | 


BP4.5...... ; 4/23/65 _ 
1254-1258 PST 

ae 5/20/65 | 1,100 

| 1032-1046 PDT | 


_ 5/28/65 <500 
| 1030-1100 PDT 


Phoebus 1-A.EP-4.| 6/25/65 
| 1315-1326 PDT | 


EP-5-.- 
EP-6.. 


1,100 | 7.1X108 





* Kiwi Transient Nuclear Test 


exposure has been made by assuming an ex- 
posure rate decay from a residual dose rate 
following cloud passage. An A,T,~—**=A,T.—*” 
decay relationship was assumed for Kiwi Tran- 
sient Nuclear Test data; for the Phoebus 1-A 
test is a measured value of t-'° was employed. 
The calculation does not consider the influence 
of an occupancy factor or of weathering, and 
thus will be conservative. A summary of the 
peak exposures at populated locations is pre- 
sented in table 2. The infinite doses following 
EP-—4 and EP-5 are given as zero; any actual 
deviation from this is very small. 


Thyroid dose due to inhalation 


Concentrations of iodine-131 and iodine—133 
in air were cetected following each experiment. 


1 





Table 2. Summary of potential whole-body exposures 
resulting from 1965 NRDS testing 





External whole-body gamma 
exposure (milliroentgens) 





Location of peak dose * Due to dep- 
osition 
(infinite 
external 

exposure) 


Kiwi TNT >__-.| Death Valley, Jct 
Hwy 95, 1.5 miles 
west of Lathro 
Wells (unpopulated) - -| 
Pahrump 
Goss Ranch 
No measurable dose 
rates off the test 
range complex 


Ni slate ca ccna : 














Phoebus 1-A, 
EP-4 





* See figure 1 
> Kiwi Transient Nuclear Test 


A summary of the peak concentrations of radio- 
iodine, as detected by the use of charcoal cart- 
ridges, is presented in table 3. As seen from 
table 3, a measured thyroid dose following Kiwi 
Transient Nuclear Test does not compare well 
with the calculated value. To a large degree, 
this can perhaps be accounted for by the reten- 
tion of a fraction of the radioiodine that was 
available in particulate form, and thus collected 
by the prefilter. 

The procedure employed to calculate the thy- 
roid doses from inhalation is presented below. 
The various factors are obtained from recom- 
mendations made by the International Com- 
mittee for Radiation Protection (6). 


Thyroid dose (D) rads __ dis 
curie-second sec-curie 
meter? 





= f, * 3.71010 


we EB 16106 OS 


+ 8.64 x 104 day MeV 


1 ] . 
~ aa i annenetnimmisninaia . — .693t/Te 
” m_ 100 ergs/gram-rad I i as 


where 


f,, = fraction of inhaled iodine that reaches 
thyroid — 0.23, 

E=—energy to thyroid/disintegration — 
0.23 MeV, for **"I and 0.54 MeV, for 
133] 

B = breathing rate — 2.32 x 10-‘ m/sec, 

m = mass of thyroid — 20 grams, 


and Te — effective half-life 
= 7.6 days for ‘I 
= 0.87 days for ***I, 


yielding 
Rad 
curie-sec 
m?* 
Rad 
curie-sec 
m? 


= 1.97 x 10?- E- Te, 


== 3.42 x 10? (I), 


Rad 
curie-sec 
m? 


== 921 x 10° (*“*I). 


Thyroid dose due to milk ingestion 


Following three of the experiments conducted 
at the NRDS there were detectable quantities of 
iodine-131 in milk collected in the test site 
environs. As mentioned in the NRX-—A83 and 
Phoebus 1—A reports (2,3), sources others than 
NRDS reactors could have been responsible for 
a portion of the activity. If one scales from 
data prepared by the Federal Radiation Council 
(4), it is possible to estimate the potential dose 
to an infant’s thyroid from the milk ingestion. 
The FRC report assumes that a peak concen- 
tration of 8,400 pCi '*"I/liter will result in 1 rad 
to a child’s thyroid due to ingestion of milk 
following the peak level. If one assumes that 
25 percent of the dose is delivered prior to the 
peak being reached, then it can be calculated 
that 16 mrad to the thyroid result for each 
100 pCi '"I/liter at the time of peak concentra- 
tion. However, scaling by this method assumes 
that the contamination was a result of a single 
event, and it is necessary to consider this possi- 
ble source of error in judging the dose estimate. 

A summary of the milk-sampling results is 
presented in table 4. Analyses of samples col- 
lected in Nevada and southern California fol- 
lowing Kiwi Transient Nuclear Test did not 
indicate the presence of icdine—-131. This prob- 
ably reflects the fact that at the time of the test 
most of the animals were on stored feed. In 
addition, samples collected following NRX-—A3, 
EP-4, did not contain radioiodine. 
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Table 3. Summary of estimated potential adult thyroid doses through 
inhalation as a result of 1965 NRDS experiments * 





Iodine-131 





Location of peak 
concentration * Mil- 
lirad > 


to 
thyroid 


Iodine-133 
| 
} 


to 
thyroid 





rie pe aps “| 


Kiwi TNT ¢___-. .| Death Valley Jet-.- -| } 0 


Hwy 95. 1.5 miles 
west of Lathrop 


Wells . ° ° 0. 
(unpopulated) 


<0.1 


Pahrump . <0. 








! 
5.410 | <0. 
6.0xK10° | <0. 





Coyote Summit 
(unpopulated) 


a 
Phoebus 1-A, EP4_. 





Lathrop Wells__--. - -| 


4.2106 | <0. 
| 
ee aan 


2.0X105 | <0. 
1.6xX10°| 0. 





Queen City Summit..| 5.5105 
(unpopulated) 








* See figure 1. 
> The thyroid dose conversion factors for iodine-131 and iodine-133 are 


mrad mr 
and 9.21X10—* —— 
pC 


342x107 — ae. 
yi-sec/m 


pCi-sec / m?* 
¢ Kiwi Transient Nuclear Test. 

4 Dose determined by in vivo counting, monitored at this station. If substantial amounts of 
radioiodine in the prefilter were assumed to be biologically available, the potential dose based 
on air concentration would be even higher. 

ND, not detectable. 


respectively. 


Table 4. Summary of potential thyroid exposures from 
milk ingestion resulting from 1965 NRDS experiments 


Calculated 
thyroid 
exposure 
(mrad) » 


Table 5. Comparison of AEC protection standards with 


1965 NRDS effluent effects 








Milk radioas- 
say deta peak 
iodine-131 
(pCi/liter) 


Locations where 
iodine-131 was 
detected in milk * 


AEC Radiation Protection 
Standards for suitable 
samples of the general 

population 


Event 


| 








Maximum potential 





EP-6-.-- Hiko 


90 | 


Type of 


LE eee ers 


Phoebus 1-A, EP-4__| 


| Springdale 


exposure 
Based on 
exposure to 
individual 
(millirem/ yr) 


Based on 
average ex- 
posure toa 

suitable 
population 


exposure encountered 
in the offsite area 
(millirem) 


Currant 





* See figure 1. 
> 16 mrad/100 pCi "'I/liter, at peak. 


Conclusions 


The levels of radioactivity encountered off 
the test-range complex as a result of 1965 NRDS 
tests were small fractions of the AEC Radiation 
Protection Guides (5). The dose at any one 
location was limited by the infrequency of test- 
ing and the varied directions of the five ex- 
periment “hot lines” (figure 1). 

By assuming that 1-milliroentgen exposure 
produces 1 millirad or 1 millirem absorbed dose, 
a comparison of the 1965 results with the AEC 
protection standards has been made in table 5. 


January 1967 


sample 
(millirem/yr) 





Whole-body. -- 170 | 14.2 (Lathrop Wells 
unpopulated) 
1.2 (Diablo) 


1,500 500 | 29 (Blue Eagle Ranch) 
24 (Hiko)* 


Thyroid 











. *Sum of exposures from EP-—5 (5/20/65) and Phoebus 1-A, EP-4 (6/ 
5/65). 


A comparison of tables 3 and 4 indicates that 
the contribution to the thyroid exposure from 
inhalation was negligible. Table 4 shows the 
potential exposure due to milk ingestion from 
Schofield Dairy at Hiko and from the Blue Eagle 
Ranch. The milk from Hiko, representing 150 
cows, is potentially capable of delivering a 
larger integrated dose to a population, although 











CYCALIENTE 











Figure 1. Sampling locations and “hot lines” of 1965 
NRDS experiments 


the milk from one cow at Blue Eagle Ranch had 
the higher concentrations of iodine-131. 

A summary of whole-body and thyroid ex- 
posures resulting from five nuclear reactor ex- 
periments conducted at NRDS during 1965 has 


been presented. The exposures have been com- 
pared with protection standards, and it has 
been shown that the exposures are small com- 
pared to the standards. The potential exposure 
of radionuclides to the individual as a result of 
these reactor experiments is based on data 
obtained at unpopulated locations. 
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Section I. Milk and Food 


In the determination of the internal exposure 
to man from environmental radiation sources, 
primary interest centers on radionuclides in 
the diet. Efforts are being made by both Fed- 
eral and State agencies to monitor the intake of 
various radionuclides in the total diet on a 
continuing basis. Although the total diet is 
the most direct measure of intake of radio- 
nuclides, indicator foods may be used to esti- 
mate dietary intake where specific dietary data 
are not available. As fresh milk is consumed 
by a large segment of the U.S. population 
and contains most of the biologically significant 
radionuclides from nuclear test debris which 
appear in the diet, it is the single food 
item most often used as an indicator of 
the population’s intake of radionuclides. More- 
over, it is the major source of dietary intake 
of short-lived radionuclides. In the absence of 
specific dietary information, it is possible to 
approximate the total daily dietary intake of 
selected radionuclides as being equivalent to 
the intake represented by the consumption of 
1 liter of milk. More direct estimates of dietary 
intake of radionuclides than those furnished 
by indicator foods can be obtained by analyses 
of the total diet or representative principal food 
items or groups, combined with appropriate 
consumption data. 

The Federal Radiation Council (FRC) has 
developed Radiation Protection Guides (RPG’s) 
for controlling normal peacetime nuclear opera- 
tions, assuming continuous exposure from in- 
take by the population at large (1-3). The 
RPG’s do not and cannot establish a line which 
is safe on one side and unsafe on the other; 
however, they do provide an indication of when 
there is a need to initiate careful evaluation of 
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exposure (3). Additional guidelines are pro- 
vided by the FRC Protective Action Guides (4) 
and by the International Commission on Radio- 
logical Protection (5,6). 

Data from selected national, international, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross-section of routine sampling 
programs which may be considered of a con- 
tinuing nature. Routine milk sampling has 
been defined as one or more samples collected 
per month. 


REFERENCES 


(1) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 1. Superintendent of Docu- 
ments, U.S. Government J. aaa Office, Washington, 
D.C. 20402 (May 13, 1960). 

(2) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 2. Superintendent of Docu- 
ments, U.S. Government ne Office, Washington, 
D.C. 20402 (September 1960). 

(3) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, protective action for strontium-89, stron- 
tium-90, and cesium-137, Report No. 7. Superin- 
tendent of Documents, .U.S. Government Printing 
Office, Washington, D.C. 20402 (May 1965). 

(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 5. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (July 1964). 

(5) INTERNATIONAL COMMISSION ON RADIO- 
LOGICAL PROTECTION. Recommendation of the 
International Commission on Radiological Protection, 
Report No. 2. Pergamon Press, New York, N.Y. 

9 


(1959). 

(6) INTERNATIONAL COMMISSION ON RADIO- 
LOGICAL PROTECTION. Recommendation of the 
International Commission on Radiological Protection, 
eae No. 6. Pergamon Press, New York, N.Y. 





NATIONAL AND INTERNATIONAL MILK SURVEILLANCE 


As part of continuing efforts to quantitatively 
monitor man’s exposure to radionuclides, vari- 
ous national and international organizations 


routinely monitor radionuclide levels in milk. 


Program 


Period reported 


In addition to those programs reported below, 
Radiological Health Data and Reports coverage 
includes: 


Last presented 





Radiostrontium in milk, HASL 


July—December 1965 





June 1966 





1. Pasteurized Milk Network 
September 1966 


National Center for Radiological Health and 
National Center for 
Urban and Industrial Health, PHS 


The Public Health Service’s Pasteurized Milk 
Network (PMN), was designed to provide na- 
tionwide surveillance of radionuclide concen- 


trations in milk through sampling from major 
milk production and consumption areas. The 
present network of 63 sampling stations (figure 
1) provides data on milk in every State, the 
Canal Zone, and Puerto Rico. The most recent 
description of the sampling and analytical pro- 
cedures employed by the PMN appeared in the 
December 1966 issue of Radiological Health 
Data and Reports (1). 

The results for the third quarter of 1966 














Stations Not Shown 
Palmer, Alaska 

Honolulu, Hawaii 

San Juan, Puerto Rico 
Cristobal, Canal Zone 


e Sampling Station 














Figure 1. Pasteurized Milk Network sampling stations 
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Table 1. Average concentrations of radionuclides in pasteurized milk for the third quarter 1966 and September 1966 


Strontium-89 Strontium-90 Iodine-131 Cesium-137 Barium-140 
(pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 











Sampling location | | | | 
Third Sept * i Sept Third | Sept Third Sept Third Sept 
| quarter 1966 1966 quarter quarter 1966 

1966 1966 1966 | 





tS 
we te 


Wilmington 
Washington 





ad 
Ceoeo CONno~s 


os 


Indianapolis 
Des Moines 


Wichita 

Louisville 

New Orleans 

i cnceadsecndcandbeneiektwobude 
Baltimore 

Boston 





Philadelphia 
Pittsburgh 


Charleston 
Rapid City 


Dallas 
Salt Lake City 


Burlington 
Norfolk 





Charleston 
Milwaukee... - 
Laramie 

















e|oeocoocooo coocooeso cooceoecso cooceooso cooescso coocceso cooesco cooooo coococo oooceo 
c|ococoooco cooocoeso cooeocoo cocecooo coocoeoo cocoecoe ooooeseo eccocooo cococe coceco 
clocooseoo cooocooso coeoceso cooeoeooeo coceocoo cocece ocooeooo eccooco coceco coceco 























* Blank indicates no strontium-89 determinations were made on samples. 
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Table 2. Frequency distribution, strontium-90 
concentrations in milk at Pasteurized Milk Network 
stations, September 1965 and April—September 1966 


Table 3. Frequency distribution, cesium-137 
concentrations in milk at Pasteurized Milk Network 
stations, September 1965 and April-September 1966 





Number of stations 





Strontium-90 


(pCi/liter) 1966 





June 


Number of stations 





Cesium-137 


(pCi/liter) 1966 





June | July 























5 








_............2 








and September 1966 are presented in table 1. 
The average monthly radionuclide concentra- 
tions are based on results obtained from sam- 
ples collected weekly. If radionuclide values 
were below minimum detectable concentrations 
(1), averages were calculated using one-half 
the minimum detectable value; however, for 
iodine-131 and barium-140, zero was used for 


averaging purposes when concentrations were 
below minimum detectable levels. 

For comparative purposes, distributions of 
strontium-90 and cesium—137 are presented in 
tables 2 and 3 for September 1965 and April 
through September 1966. The average stron- 
tium-90 concentrations in pasteurized milk 
from selected cities are presented in figure 2. 





2 
1-4 


& 


trations (oCi/liter) 
& 
= 





ontium-90 Concent 
8 
T 








fevuuuuewere 


1963 








ye SUeeeeeeeee! 





er) 











Strontium-9 Concentrations (pC: /lin 






































a a 


Figure 2. Strontium-90 concentrations in pasteurized milk, 1961-—September 1966 
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2. Canadian Milk Network 
September 1966 ' 


Radiation Protection Division 
Department of National Health and Welfare 


Since November 1955, the Radiation Protec- 
tion Division of the Department of National 
Health and Welfare has been monitoring milk 
for radionuclide concentrations. Powdered milk 
was originally sampled, but liquid whole milk 
has been sampled since January 1963. At pres- 
ent, 16 milk-sampling stations (figure 3) are 
in operation. Their locations coincide with air 
and precipitation sampling stations. 

Milk samples are collected three times a week 
from selected dairies and are combined into 
weekly composites. The contribution of each 
dairy to the composite sample is directly pro- 
portional to the liquid volume of sales. Weekly 
spot check analyses are made for iodine—131, 
and monthly composites are analyzed for stron- 
tium-90, cesium-137, and stable calcium and 


1 Prepared from September 1966 monthly report 
“Data from Radiation Protection Programs,” Canadian 
— of National Health and Welfare, Ottawa, 

anada. 


potassium. The analytical procedures were out- 
lined in the December 1966 issue of Radiological 
Health Data and Reports (2). 

The September 1966 monthly average stron- 
tium-90, cesium-137, and stable calcium and 
potassium concentrations in Canadian whole 
milk are presented in table 4. Iodine—-131 and 
strontium-89 concentrations were below mini- 
mum detectable levels. 


Table 4. Stable elements and radionuclides in Canadian 


whole milk, snenemened 1966 


| 


Calcium m |P Potassium 1 Stron- 
(g/liter) | (g/liter) tium-90 
| (pCi/liter) | (pCiiliter) 


NORE in erwes .0 eee 


| 
| 
| 
| 
| 
| 


Station 





CUNY «. 2-2-2 --enceneee] 
CL ciaiciode6boae 
Ft. William | 
Fredericton............- 


en 
St. John’s, Nfid 
Saskatoon. 
Sault Ste. Marie~ - - -- 


Toronto 

, i I 
i inbnnssticcorsbea 
Winnipeg - - - - 








eel ee eee ee 


1 
1 
a. 
1. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


al onmann Kona bbls Crim ON 
el eonkwe Se DOWD Bae 


Average 








EDMONTON 
- 


Catcary@® / @SASKATOON 
/ 





b ST.JOHN'S 
P ry 
bp 


bd REDERICTON 
sa 


@ SAMPLING STATIONS 








Figure 3. Canadian milk sampling stations 
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3. Pan American Milk Sampling Program 
September 1966 


Pan American Health Organization and 
U.S. Public health Service 


The Pan American Health Organization 
(PAHO), in collaboration with the U.S. Public 
Health Service (PHS), furnishes assistance to 
health agencies in the American Republics in 
developing national radiological health pro- 
grams. 

Under a joint agreement between both agen- 
cies, air and milk sampling activities are con- 
ducted by a number of PAHO member coun- 
tries (figure 4). Information on the sampling 
and analytical procedures employed was pre- 
sented in the December 1966 issue of Radio- 
logical Health Data and Reports (3). 





© 200 400 600 800 1000 
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Figure 4. Pan American Milk Sampling Program locations 


Table 5 presents stable calcium and potas- 
sium, strontium-89, strontium-90, and cesium— 
137 monthly average concentrations for Sep- 
tember 1966. 


Table 5. Stable element and radionuclide concentrations 
in PAHO milk, September 1966 * 





P Cal- Potas- Stron- Cesi- 
Sampling station cium sium tium-90 um-137 
samples | (g/liter) | (g/liter) | (pCi/liter) | (pCi/liter) 





Chile: 
.60 


-46 


Guayaquil .57 


Jamaica: 
Mandeville--_-- -- 
Montego Bay - - - - 

Venezuela: 


February, 1966 -__- 


ye 
4 
—— OD ep ee PS 





Canal Zone: 
Cristobal 
Puerto Rico: 

San Juan 1 




















* Strontium-89 determinations were less than 5 pCi/liter; iodine-131 and 
barium-140 determinations were less than 10 pCi/liter for all samples. 
NS, no sample collected. 
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STATE MILK SURVEILLANCE ACTIVITIES 


Considerable progress has been made by the 
State health departments in initiating or ex- 
panding environmental surveillance activities 
in radiological health. Many of the States have 
progressed to a state of comprehensive en- 
vironmental surveillance programs and self- 
sustaining radiological health laboratories. 

The continuing efforts of State health depart- 
ments in the analysis and monitoring of radio- 
nuclides in milk complement Federal milk 


State milk network 





Period reported 


surveillance activities. State milk surveillance 
activities are continually undergoing develop- 
mental changes at this time. The results pre- 
sented herein are representative of current 
surveillance activities directed at the use of 
milk as an indicator of dietary intake of radio- 
activity. 

In addition to the State milk networks pre- 
sented herein, programs previously covered in 
Radiological Health Data and Reports include: 


Last presented 





California 





Colorado 
Connecticut 
Florida 
Indiana 
Michigan 
Minnesota 
New York 
Oregon 
Pennsylvania 
Washington 


April—June 1966 


January 1965—June 1966 


April—June 1966 
April—June 1966 
April—June 1966 


January—June 1966 


April—June 1966 


January—June 1966 


April—June 1966 
April—June 1966 
April—June 1966 


December 1966 
October 1966 

November 1966 
October 1966 

November 1966 
November 1966 
November 1966 
November 1966 
December 1966 
November 1966 
December 1966 





1. Oklahoma Milk Network 
July-September 1966 


Oklahoma State Department of Health’ 


On March 15, 1965, the Radiological Health 
Section of the Oklahoma State Department of 
Health initiated a program of analysis for 
iodine-131 in the milk produced in the State 
of Oklahoma. On March 7, 1966, analysis for 
cesium—137 was added to the program. 


1 Acknowledgment is accorded to the staff of the 
Radiological Health Section under the direction of Mr. 
Dale McHard, head, and Mr. Robert Craig, assistant 
engineer. 


January 1967 


The location of the sampling stations and 
the extent of their associated milksheds are 
shown in figure 1. Of the 10 milksheds in the 
State of Oklahoma, 5 were chosen as sampling 
stations (Oklahoma City, Enid, Tulsa, Lawton, 
and Ardmore) on the basis of their size and 
location. A major criterion in the selection of 
a milkshed for sampling was the degree of 
overlap with other milksheds being sampled. 
This overlap assists in locating small areas of 
production where the iodine—131 concentrations 
might be abnormally high. 

The sampling stations are located in the lab- 
oratory of a major milk-processing plant in 
each milkshed. While the milkshed for a par- 
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Figure 1. Oklahoma milkshed sampling areas 


ticular processing plant may not coincide ex- Table 1. Concentration of cesium-137 in Oklahoma milk 

actly with that shown in figure 1, the coinci- stendinesnimmeadeanes 

dence is satisfactory for surveillance purposes. 
At the present time, samples are collected on Sampling 





Sampling location 





Monday morning, and the analyses are com- sate | Se | coi stiver) | Cctrnteer) | GuGurtieney | ASS) 
pleted by Wednesday afternoon. However, if ecncenni 

iodine-131 levels detected are such that diver- 
sion of the milk or other precautionary methods 
need to be taken, the analytical method and 
equipment can be employed to sample milk from ie 
each truck arriving at the processing plant. Un- 

der these conditions, only about 4 hours would be 

needed to complete the analysis. This greatly  ‘m>*3- 
reduced lag time for analysis would permit + 


26.| N 
rapid decisions on the fate of each truckload of 


s * Samples split with PHS Pasteurized Milk Network. 
raw milk. NS. no sample collected 


The ion exchange method of analysis used is sa dateseeeenes 
similar to that recently published by the Public 
Health Service (1), but was developed inde- 
pendently by the Oklahoma State Health De- 
partment’s Radiological Health Laboratory. De- 


= ‘ q i i -13 k ilk 
tails of the procedure used were published Table 8 mem mn ~~ Ae Cllneme a 
earlier (2). 


Table 1 gives the cesium-137 concentrations Re. | Se 
in Oklahoma milk for the period of July through 
September 1966. Iodine-131 was found in only = July 25.;; Sree City * 
three samples during this period. These con- ‘eptember 12 Tulsa 


centrations are shown in table 2. 






































* Samples split with PHS Pasteurized Milk Network. 


Previous coverage in Radiological Health Data and 
Reports: 
Period Issue 
March—July 1965 October 1965 
August—December 1965 April 1966 
January-March 1966 July 1966 
April—June 1966 October 1966 
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2. Texas Milk Network 
July-September 1966 


Texas State Department of Health ? 


The Texas State Department of Health ini- 
tiated a statewide milk sampling network for 
radionuclide content in April 1964. At present, 
monthly samples of raw milk are collected from 
each of six “active” sampling points. In addi- 
tion, six “standby” stations have been supplied 
sample containers and shipping instructions and 
can be activated immediately if needed. The 
“active” and “standby” station locations, shown 
in figure 2, were chosen to give maximum geo- 
graphical and population coverage. 


2 Acknowledgment is accorded to the staff of the 
Radiation Control Program, Division of Occupational 
Health and Radiation Control, under the direction of 
Mr. Martin C. Wukasch, chief engineer. 


Samples are routinely analyzed for stron- 
tium-—89 and strontium-90 by a chemical-sep- 
aration technique employing ion exchange 
columns (3). 

Potassium—40, iodine-131, and barium—140 
concentrations are determined by gamma-scin- 
tillation spectrometry. Details of the analytical 
procedures were presented earlier (4). 

Table 3 presents the July through September 
1966 radionuclide concentrations in Texas milk. 
During this time, strontium—89 and barium—140 
concentrations were below detectable levels. 
Strontium-90 and cesium-—137 concentrations 
are shown graphically in figure 3 to indicate 
general trends. 

Previous coverage in Radiological Health Data and 


Reports: 
Period 
1964 Summary 
January-March 1965 
April-December 1965 
January-March 1966 
April—June 1966 


Issue 

June 1965 
October 1965 
April 1966 
July 1966 
October 1966 
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Figure 2. Texas 


January 1967 


milk sampling stations 





Table 3. Radionuclide concentrations in Texas milk network, July-September 1966 





Potassium-40 Strontium-90 Iodine-131 Cesium-137 


(pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
Sampling location 





July | Aug July 





Harlingen 
Houston_.- --.- 

















| 


3.8) 6/13) 2 























NS, no sample collected. 
ND, below detectable limits. 
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Figure 3. Radionuclide concentrations in Texas milk 
1964-September 1966 
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FOOD AND DIET SURVEILLANCE ACTIVITIES 


Efforts are being made by various Federal 
and State agencies to estimate the dietary intake 
of selected radionuclides on a continuous basis. 
These estimates, along with the guidance de- 
veloped by the Federal Radiation Council, pro- 
vide a basis for evaluating the significance of 
radioactivity in foods and diet. 

Networks presently in operation and report- 
ing routinely include: (1) the Public Health 
Service’s Institutional Total Diet Sampling 
Network, (2) the Atomic Energy Commission’s 
Tri-City Diet Study, (3) the Food and Drug 
Administration’s Teenage Diet Study, (4) the 


Program 


Connecticut Standard Diet 
Teenage Diet, FDA 

Tri-City Diet, HASL 

United Kingdom Diet, ARCRL 


Period reported 


State of California’s Diet Study, and (5) the 
State of Connecticut’s Standard Diet Study. 
These networks provide data useful for devel- 
oping estimates of nationwide dietary intakes 
of radionuclides. Periodically, results from the 
United Kingdom Diet Survey, conducted by 
the United Kingdom Agricultural Research 
Council Radiobiological Laboratory, are pre- 
sented for comparison with data observed in 
the United States. Programs most recently re- 
ported in Radiological Health Data and Reports 
and not covered in this issue are listed below: 


Last presented 





July 1965—June 1966 
February—November 1965 
February—April 1966 
Annual summary 1965 





November 1966 
August 1966 

December 1966 
December 1966 





1. Radionuclides in Institutional Diet Samples 
April-June 1966 


National Center for Radiological Health 
Public Health Service 


The determination of radionuclide concentra- 
tions in the diet constitutes an important ele- 
ment of an integrated program of environmen- 
tal radiation surveillance and assessment. In 
recognition of the potential significance of the 
diet in contributing to total environmental radi- 
ation exposures, the Public Health Service ini- 
tiated its Institutional Diet Sampling Program 
in 1961. This program is administered by the 
National Center for Radiological Health with 
the assistance of the National Center for Urban 
and Industrial Health (1). 


January 1967 


The program was designed to estimate the 
dietary intake of radionuclides in a selected 
population group ranging from children to 
young adults of school age. Initially, the pro- 
gram was conducted at eight institutions; as 
of January 1965, its scope had increased to 
boarding schools or institutions in 50 munici- 
palities. These institutions ranged from finan- 
cially well-to-do boarding schools to orphanages 
with severe economic limitations. 

Subsequent experience with the diets of 
school children of various ages indicated that 
the number of institutions sampled could be 
selectively reduced. As of July 1965, 21 institu- 
tions, distributed geographically as shown in 
figure 1, were being sampled. Previous results 
showed that the daily intakes of teenage girls 
and children from 9 to 12 years of age were 
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Figure 1. Institutional diet sampling locations as of July 1965 


comparable, while teenage boys consumed 20 
percent more food per day (1,2). Consequently, 
estimates for teenage boys and/or girls can be 
calculated on the basis of the dietary intakes of 
children. 

In general, the sampling procedure is the 
same at each institution. Each sample supplied 
monthly by each institution represents the edi- 
ble portion of the diet for a full 7-day week 
(21 meals plus soft drinks, candy bars, or other 
in-between snacks), obtained by duplicating 
the meals of a different individual each day. 
Drinking water, not included in the samples, 
is also sampled periodically. Each daily sample 
is kept frozen until the end of the collection 
period, and is then packed in dry ice and ship- 
ped by air express to either the Southwestern 
Radiological Health Laboratory, Las Vegas, 
Nev.; the Southeastern Radiological Health 
Laboratory, Montgomery, Ala.; or the North- 
eastern Radiological Health Laboratory, Win- 
chester, Mass. A detailed description of sam- 
pling and analytical procedures was presented 
elsewhere (3). 
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Results 


Table 1 presents the analytical results for 
institutional diet samples collected from April 
through June 1966, for children 9 to 12 years 
of age. The stable elements, calcium and potas- 
sium, are reported in g/kg of diet, and the 
radionuclide concentrations of strontium-89, 
strontium—90, cesium—137, and radium—226 are 
expressed as pCi/kg of diet. The reported radio- 
nuclide concentrations of these samples are 
corrected for radioactive decay to the midpoint 
of the sample collection period, where ap- 
plicable. 

Dietary intakes, presented in table 2, were 
obtained by multiplying the food consumption 
rate in kg/day by the concentration values given 
in table 1. For the purpose of obtaining dietary 
intakes, “less than” 5 pCi/kg of strontium—89 
was interpreted as 2.5 pCi/kg. The average 
food consumption rate during this period was 
1.76 kg/day compared to the network average 
of 1.90 kg/day observed from 1961 through 
1964 (4). 
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Strontium-90 dietary intake during this 
period averaged 19 pCi/day. This result falls 
within Range I as defined by the Federal Radi- 
ation Council (5). Cesium—137 intakes averaged 
60 pCi/day during this period. Strontium-89, 
barium-140, and iodine-131 concentrations 
were generally below detectable levels. 


Previous coverage in Radiological Health Data and 
Reports: 


Table 1. 


Period 

January—March 1964 
April-June 1964 
July-September 1964 
October-December 1964 
Annual average 1964 
January—March 1965 
April—June 1965 
July-September 1965 
October-December 1965 
Annual average 1965 
January-March 1966 


Issue 


October 1964 
January 1965 
April 1965 
Juiy 1965 
July 1965 
October 1965 
February 1966 
May 1966 
July 1966 
July 1966 
October 1966 


Stable element and radionuclide concentrations in institutional total diets of children (9-12 years of age) 
April-June 1966 * 


| | 





Stable element, g/kg of diet | Radionuclide concentration, pCi/kg of diet 


Location of institution | 





Radium-226 


Strontium-89 | Strontium-90 


| Cesium-137 


Calcium | Potassium 





Alaska: Palmer ---- 


Ariz: Phoenix._. 


| 

| 
Ark: Little Rock 
Calif: 


Los Angeles _. _- 


Colo: Denver. -___. 





Del: Wilmington... ______- 


Fla: a 
Hawaii: Honolulu.__- 
Idaho: Idaho Falls 
Chicago--. -- 
Louisville _ - 

New Orleans - - 
Boston___- 

St. Louis_-- 
Cleveland - . 
Pittsburgh - _ . 
Charleston. - ._....-- 
Sioux Falls - - 
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Burlington 


Seattle 


| 
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* During the second quarter of 1966, both iodine-131 and barium-140 concentrations were below detectable levels at all institutions except for following: 


Del: Wilmington 
8. Dak: Sioux Falls 


June 1966 
June 1966 


January 1967 


10 pCi/kg, iodine-131 
20 pCi/kg, iodine-131 
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Table 2. Intake of stable elements and radionuclides in institutional total diet for children (9-12 years of age) 
April-June 1966 





| 
Total Stable zlement intake, g/day | Radionuclide intake, pCi/day 
Location of institution Month | weight | 
1966 | (kg/day) | | j j 
| 
| 
| 





Calcium Potassium | Strontium-89 Strontium-90 | Cesium-137 Radium-226 





Alaska: April* | 
May * 
June*® 
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* Data for this month were not used in computing the average for all institutions since food samples were collected from two or more children under 
9 years of age. 


b Data for this month were not used in computing the average for all institutions since food samples were collected from two or more children over 
12 years of age. 
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2. Estimated daily intake of radionuclides in 
California diets 
January-April 1966 


Bureau of Radiological Health 
California State Department of Public Health 


Since January 1964, the Bureau of Radiologi- 
cal Health, California State Department of 
Public Health, has made estimates of radio- 
nuclide levels in the diets of Californians (6). 

Recognizing that a standard or typical diet 
does not exist, because of variations in individ- 
ual tastes, an effort was made to select a diet 


which was reasonably representative of the 
food consumed in a given area. This objective 
was met by utilizing the house diet of a hospital 
in each of the 20 geographic areas of interest 
(figure 2). 

Hospitals were chosen as the source of diet 
samples under the hypothesis that their diets 
are as reasonably representative as any other. 
General hospitals exist in each of the 20 selected 
geographic areas and operate with trained dieti- 
tians. There is good reason to believe that 
hospitals utilize foods which are marketed in 
their respective communities. Also, working 
relations for entry into hospitals existed 
through the State Bureau of Nutrition and 
Hospitals. 
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Figure 2. California diet sampling stations 


January 1967 





Sampling procedure 


In general, the sampling procedure is the 
same at each hospital. Samples are collected 
every 2 months at each facility. Each sample 
represents the edible portion of a regular meal 
(the standard diet) for a full 7-day week (21 
consecutive meals). 


Analytical procedures 


After weighing at the Laboratory, each sam- 
ple is homogenized and gamma-scanned, then 
dried and ashed prior to analysis for strontium— 
89, strontium-90, radium—226, and stable cal- 
cium, strontium, and sodium. 


Table 3. Estimated daily intake of radionuclides in California diets, January-February 1966 * 
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* Based on analyses of Hospital Standard Diets located in listed cities. Strontium-89 not detectable. 
> Kilograms of food per person per day in this diet. 
¢ National potassium contains 0.0119 percent radioactive potassium-40. 


Table 4. Estimated daily intake of radionuclides in California diets, March-April 1966 * 
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* Based on analyses of Hospital Standard D‘ets located in listed cities. Strontium-89 not detectable. 
> Kilograms of food per person per day in this diet. 
¢ National potassium contains 0.0119 percent radioactive pot 
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Figure 3. Averages and ranges of daily strontium-90 
intake in California diets 


After each sample is collected, it is suitably 
preserved and shipped to the Sanitation and 
Radiation Laboratory of the California State 
Department of Public Health. Accompanying 
each sample is a record prepared by the dieti- 


tians indicating the types and quantities of 
food included. 


Data and discussion 


The resultant estimates of daily intake of 
radionuclides in the California diets are given 
in table 3 (January-February 1966) and table 
4 (March-April 1966). 

It should be noted that levels of radioactivity 
were observed to be far below those levels for 
which consideration should be given to protec- 
tive health action. Strontium—90 intake in the 
California diet for the January-February 1966 
period varied from 3 to 29 pCi/capita > day, 
with an average of 11 pCi/capita » day. Cesium- 
137 intake varied from 14 to 78 pCi/capita + day 
with an average of 44 pCi/capita- day. For 
the March-April 1966 sampling period, the 
strontium—90 intake varied from 7 to 18.pCi/ 
capita * day, with an average of 10 pCi/capita > 
day. Cesium-—137 intake varied from 11 to 61 
pCi/capita* day, with an average of 32 pCi/ 
capita* day. A summary of strontium-90 and 
cesium-137 intake trends in California diets 


January 1967 














4. Averages and ranges of daily cesium-137 
intake in California diets 


from January 1964 through April 1966 is given 
in figures 3 and 4. 


Previous coverage in Radiological Health Data and 
Reports: 

Period 

January—June 1964 

July—October 1964 

November—December 1964 

January—April 1965 March 1966 

May-—August 1965 June 1966 

September—December 1965 September 1966 


Issue 


March and April 1965 
September 1965 
December 1965 
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Section II. Water 


The Public Health Service, the Federal Water 
Pollution Control Administration, and other 
Federal, State, and local agencies operate ex- 
tensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary 
importance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These Standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for ap- 
proval of a drinking water supply containing 
radium-226 and strontium-90 as 3 pCi/liter 


Program 


California Water Sampling Program 


and 10 pCi/liter, respectively. Limits may be 
higher -if total intake of radioactivity from all 
sources indicates that such intakes are within 
the guides recommended by FRC for control 
action. In the known absence’ of strontium—90 
and alpha emitters, the limit is 1,000 pCi/liter 
gross beta activity, except when more complete 
analysis indicates that concentrations of radio- 
nuclides are not likely to cause exposures 
greater than the Radiation Protection Guides. 
Surveillance data from a number of Federal 
and State programs are published periodically 
to show current and long-range trends. Water 
programs previously reported in Radiological 
Health Data and Reports are listed below. 


1 Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
unidentified alpha emitters and strontium-90, respec- 
tively. 


Period reported Last presented 








July-December 1965 
1965 

1962-1964 

1962 

1964 

May 1963-—June 1964 


November 1966 
November 1966 
November 1965 
October 1965 
November 1965 
March 1965 


Coast Guard Water Sampling Program 
Colorado River Basin Sampling Network 
Drinking Water Analysis Program 
Florida Water Sampling Program 
Kentucky Water Sampling Program 
Lower Columbia River Radiological Survey 

in Oregon 
Minnesota Surface Water Sampling Program 
New York Surface Water Sampling Program 
North Carolina Water Sampling Program 
Radiostrontium in Tap Water, HASL 
Washington Surface Water Sampling Program 


August 1963—July 1964 
July—December 1965 
June—December 1965 

1964 

May and July—November 1965 
July 1964—June 1965 


October 1965 
July 1966 
June 1966 
November 1965 
June 1966 

May 1966 


REF *? .NCES (3) FEDERAL RADIATION COUNCIL. Background 


material for the development of radiation protection 


(1) U.S. PUBLIC HEALTH SERVICE. Drinking standards, Report No. 1. Superintendent of Docu- 


water standards, revised 1962, PHS Publication No. 


956. Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402 (March 1963). 
(2) FEDERAL RADIATION COUNCIL. Radiation 
Protection Guidance for Federal Agencies. Memo- 
randum for the President, September 1961. Reprint 
from the Federal Register of September 26, 1961. 
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GROSS RADIOACTIVITY IN SURFACE WATERS 
OF THE UNITED STATES, JULY 1966 


Division of Pollution Surveillance 
Federal Water Pollution Control Administration 
D-. artment of Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as a part of the Federal Water Pollution 
Control Administration’s Water Pollution Sur- 
veillance System. Table 1 presents the current 
preliminary results of the alpha and beta an- 
alysis. The radioactivity associated with dis- 
solved solids provides a rough indication of the 
levels which would occur in treated water, since 
nearly all suspended matter is removed by 


treatment processes. Strontium—90 results are 
reported quarterly. The stations on each river 
are arranged in the table according to their 
distance from the headwaters. Figure 1 indi- 
cates the average total beta activity in sus- 
pended-plus-dissolved solids in raw water col- 
lected at each station. A description of the 
sampling and analytical procedures was pub- 
lished in the June 1966 issue of Radiological 
Health Data and Reports. 



































Figure 1. Sampling locations and associated total beta 
« activity (pCi/liter) in surface waters, July 1966 


January 1967 





Complete data anid exact sampling locations activity per gram of dissolved or suspended 
are published in annual compilations (1-6) and solids for all stations of the Water Pollution 
are available on request. Surveillance System will be attempted at this 

Special note is made when the alpha radio- time. Comments are made only on monthly 
activity is 15 pCi/liter or greater or when the average values. Occasional high values from 
beta radioactivity is 150 pCi/liter or greater. single weekly samples may be absorbed into a 
These arbitrary levels provide a basis for the relatively low average. When these values are 
selection of certain data and for comment on the significantly high, comment will be made. 
data, if needed. They reflect no public health sig- During both June and July, the following sta- 
nificance as the Public Health Service drinking tions showed alpha radioactivity in excess of 
water standards have already provided the 15 pCi/liter on dissolved solids: 
basis for this assessment. Changes from or 
toward these arbitrary levels are also noted in 
terms of changes in radioactivity per unit South Platte River: Julesburg, Colo. 
weight of solids. No discussion of gross radio- Arkansas River: Coolidge Kans. 


Table 1. Radioactivity in raw surface waters, July 1966 





Average beta activity Average alpha activity | Average beta activity Average alpha activity 
(pCi/liter) (pCi/liter) . (pCi/liter) (pCi/liter) 
Station Station 

' 
Sus- Dis- Total Dis- Total Sus- Dis- Sus- Dis- Total 
pended | solved solved pended | solved pended | solved 














Animas River: Missouri River: 
Cedar Hill, N. Mex_- Williston, N. Dak--- 
Arkansas River: Bismarck, N. Dak--- 
Coolidge, Kans 3! § St. Joseph, Mo 
Ponca City, Okla_-_-_- North Platte River: 
Atchafalaya River: Henry, N 
Morgan City, La--_-.- Ohio River: 
Bear River: 
Preston, Idaho 
Big Horn River: 
Hardin, Mont 
Clearwater River: 
Lewiston, Idaho 
Clinch River: 
Clinton, Tenn 
Kingston, Tenn *_-_- 
Colorado River: 
Loma, Colo 
Page, Ariz 
— Dam, Calif- 


Albeni Falls Dam, 
Idaho 
Platte River: 
Plattsmouth, Nebr-__- 
Potomac River: 
Washington, D.C__-- 
Rainy River: 
Baudette, Minn 
Red River, North: 


Ko oC fm O@ 


A 


Columbia River: 
Wenatchee, Wash__. 
Pasco, Wash *____ 
Clatskanie, Ore_____- 

Connecticut River: 
Enfield Dam, Conn-.- 

Cumberland River: 
Cheatham Lock, 

a ree 

Delaware River: 
Philadelphia, Pa___-- 

Great Lakes: 

Duluth, Minn__----- 

Green River: 

Dutch John, Utah--_. 

Hudson River: 
Poughkeepsie, N.Y - 

Illinois River: 


Rio Grande: 
El Paso, Tex 
Laredo, Tex 
San Joaquin River: 
Vernalis. Calif___.--- 
San Juan River: 
Shiprock, N. Mex---- 
Savannah River: 
= Wentworth, 


ooro coc loMm KO SO 

oO tro aw aweoooolUmwNN CUO 
= 

o oro nm OMe 


So 


ow NOU 


Julesburg, Colo_...-- 
Wabash River: 

New Harmony, Ind_. 
Yellowstone River: 

Sidney, Mont 


wm ococoeosoese ©& 
oonwonesosd °& 


A 
A 
“ 





Maumee River: 
Toledo, Ohio__.--.- 
Mississippi River: 
St. Paul, Minn 
E. St. Louis, Ml 
New Roads, La 
New Orleans, La- - - - 


Ps cctiincscs : 





Minimum 
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* Gross beta radioactivity at this station may not be directly comparable to gross beta radioactivity at other stations because of the possible con- 


— of radionuclides from an upstream nuclear facility, in addition to the contribution from fallout and naturally occurring radionuclides common to 
all stations. 
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The following stations dropped below 15 pCi/ 
liter of alpha radioactivity on either suspended 
or dissolved solids: 


Atchafalaya River: Morgan City, La. 
North Platte River: Henry, Nebr. 


The following stations showed an increase 
in alpha radioactivity to values of more than 
15 pCi/liter on suspended solids: 


Platte River: Plattsmouth, Nebr. 
Rio Grande: Laredo, Tex. 
Yellowstone River: Sidney, Mont. 


The high alpha and beta radioactivity for 
Laredo, Tex., was entirely due to high turbidity 
in the sample collected on July 5, 1966. The 
remaining samples for that month showed only 
low levels of radioactivity. 


January 1967 


During July the beta radioactivity at Pasco, 
Wash., on the Columbia River showed unusually 
low values. This was a result of reactor shut- 
down. 


REFERENCES 


(1) PUBLIC HEALTH SERVICE, DIVISION OF 
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National water quality network annual compilation 
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RADIOACTIVITY IN MINNESOTA MUNICIPAL WATER SUPPLIES 
JANUARY-JUNE 1966' 


Division of Environmental Sanitation 
Minnesota Department of Health 


The analysis of various Minnesota waters 
for radioactivity concentration was initiated in 
1956 as part of the Minnesota Water Pollution 
Control Program. This program was expanded 
in 1958 to include most of the municipal surface 
water supplies in the State, as well as selected 
lakes throughout the State. 

1 Data and information from “Survey of Environ- 
mental Radioactivity, January-June 1966.” State of 
Minnesota Department of Public Health, University 


Campus, Minneapolis, Minn. 55440. Publication No. 
C00-651-33. 


As many as 25 surface streams and lakes in- 
volving 74 stations have been sampled. At pres- 
ent, nine surface streams and lakes used as 
municipal water supplies are sampled routinely 
(figure 1). Grab samples of raw and treated 
water are collected weekly at Hallock, East 
Grand Forks, Eveleth, Fairmont, and St. Paul; 
and monthly at Crookston, International Falls, 
and St. Cloud. Minneapolis tap water is an- 
alyzed weekly. No raw water is collected from 
the Minneapolis supply. 























Figure 1. Minnesota surface water sampling locations 
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The samples are forwarded to the Division’s 
laboratory, where they are analyzed for gross 
beta activity. A 250-ml sample of water is 
transferred to a 2-inch planchet and evaporated 
at 75°C. The solid residue (suspended-plus- 
dissolved solids) is fixed by adding lucite in 
acetone. The sample is then counted for beta 
activity in an internal-proportional counter. 
Counter standardization is accomplished by 
adding known amounts of thallium—204 stand- 
ard to solutions containing the normal range of 
solids. 

Table 1 shows a summary of the monthly 
average gross beta activity in Minnesota muni- 
cipal water supplies from January through June 
1966. In averaging, samples reported to contain 
nondetectable concentrations were assigned an 
arbitrary concentration of 7 pCi/liter. 

The data obtained on gross beta activity in 
Minnesota surface waters show a variation of 
concentrations, with no readily apparent trends. 


Variations in precipitation and flow rates of 
streams could contribute to this fluctuation. 
Monthly averages of gross beta radioactivity 
in Minnesota raw surface waters ranged from 
4 to 96 pCi/liter, which is well below the Public 
Health Service Drinking Water Standards (1). 
Treated water in most cases contained less beta 
activity than the corresponding raw water. 


Previous coverage in Radiological Health Data and 
Reports: 
Period 


December 1962—June 1963 
July—December 1963 
January—June 1964 
July—December 1964 
January—June 1965 
July-December 1965 


Issue 
November 1963 
June 1964 
January 1965 
August 1965 
February 1966 
July 1966 


REFERENCE 


(1) PUBLIC HEALTH SERVICE. Drinking water 
standards, revised 1962, PHS Publication No. 956. 
Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402 (March 1963). 


Table 1. Total beta concentrations in Minnesota raw and treated water supplies 
January-June 1966 





Town and water source 


Average concentrations, pCi/liter 





Type of water Jan Feb | Mar | Apr 





Crookston, Red Lake River. 

East Grand Forks, Red Lake River 
Eveleth, St. Mary’s Lake 
Fairmont, Budd Lake 

Hallock, Two Rivers South Fork 
International Falls, Rainy River 


Minneapolis Tap Water 
St. Cloud, Mississippi River 


St. Paul, Vadnais Chain of Lakes 





19 96 33 21 
37 7 23 


28 
14 


38 
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Section III. Air and Deposition 


RADIOACTIVITY IN AIRBORNE PARTICULATES AND PRECIPITATION 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earliest 
indications of changes in environmental fission 
product activity. To date, this surveillance has 
been confined chiefly to gross beta analysis. 
Although such daia are insufficient to assess 
total human radiation exposure from fallout, 
they can be used to determine when to modify 
monitoring in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodi- 
cally to show current and long-range trends of 


Network 
HASL Fallout Network 


Period 
July-December 1965 


atmospheric radioactivity in the Western Hemi- 
sphere. These include data from activities of 
the U.S. Public Health Service, the Canadian 
Department of National Health and Welfare, 
the Mexican Commission of Nuclear Energy, 
and the Pan American Health Organization. 

An intercomparison of the above networks 
was performed by Lockhart and Patterson (1) 
in 1962. In addition to the programs presented 
in this issue, the following program was previ- 
ously covered in Radiological Health Data and 
Reports: 


Issue 


September 1966 
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1. Radiation Surveillance Network 
September 1966 


National Center for Radiological Health 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Surveillance Network (RSN), which regularly 
gathers samples at 74 stations distributed 
throughout the country (figure 1). Most of the 
stations are operated by State health depart- 
ment personnel. 

Daily samples of airborne particulates and 
precipitation are forwarded to the Radiation 
Surveillance Network Laboratory in Rockville, 
Maryland, for laboratory analysis. The alert- 
ing function of the network is provided by 


routine field estimates of the gross beta activity 
made by the station operators prior to sub- 
mission of the samples for laboratory analysis. 
When high air levels are reported, appropriate 
officials are promptly notified. Compilation of 
field estimates and laboratory confirmations 
are reported elsewhere on a monthly basis (2). 
A detailed description of the sampling and an- 
alytical procedures was presented in the Novem- 
ber 1966 issue of Radiological Health Data and .- 
Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air and deposition 
by precipitation during September 1966. Time 
profiles of gross beta radioactivity in air for 
eight RSN stations are shown in figure 2. 
Gamma-ray spectroscopy was performed on 307 
air samples. No fresh fission products were 
identified. 





Stations Not Shown 
@ Agana, Guam 
@ Honolulu, Hawaii 
@ Son Juan, Puerto Rico 
@ Ancon, Canal Zone 








@ SAMPLING STATIONS 








Figure 1. Radiation Surveillance Network sampling stations 


January 1967 





Table 1. Gross beta activity in surface air and precipitation, September 1966 





Number Air surveillance Precipitation 
of samples gross beta activity, pCi/m* Last 
profile 
in 
RHD&R Total Total 
Pptn Maximum Minimum Average * depth deposition 
(mm) (nCi/m?) 








Station location 





Ala: ¥ s . <13 
Alaska: dak ° ¥ ’ (>) 
Anchorage - - - ‘ a 4 Dec 66 <1l 
Attu Island . r . 
Fairbanks 


<1 
<118 


Denver -- 
Hartford 


Washington 
Jacksonville 
Miami 


3S 


Springfield 
RES 
lowa City 

Topeka 

Frankfort 


~ 


Or BNE NDWO WBNS OCONUnoem 


Augusta 
Presque Isle 
Baltimore 
Rockville 


SR SSSSSSEE 


QR 
Qn 


Cincinnati 
Columbus 


Oklahoma City 
Ponca City 


Providence 
Columbia 
Pierre 
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_ 
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66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
y 66 
66 
66 
66 
66 
66 
67 
66 
67 
66 
66 
66 
66 
66 
65 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
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® The monthly average is calculated by weighting the individual samples with length of sampling period. Values of <0.10 are assumed to be 0.10 for 
averaging purposes. If 10 percent or more samples from a station contain <0.10 pCi/m', a less-than sign is placed before the average. 

> No precipitation sample collected. 

© No report received. 
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Figure 2. Monthly and yearly profiles of beta activity in air—Radiation Surveillance 
Network, 1960-September 1966 


January 1967 





2. Canadian Air and Precipitation Monitoring Surface air and precipitation data for Sep- 
Program, September 1966' tember 1966 are presented in table 2. 


Radiation Protection Division ’ ea : 
Table 2. Canadian gross beta activity in surface air and 
Department of National Health and Welfare precipitation, September 1966 





The Radiation Protection Division of the Pie Precipitation 
. . ivi j 3 
Canadian Department of National Health and : satiety GAA/ar) paeiuebenianies 


. . . . 7 St: ti 
Welfare monitors surface air and precipitation — a 


in connection with its Radioactive Fallout Study SS ee | ee. ee 
Program. Twenty-four collection stations are (pCi/liter) 
located at airports (figure 3), where the sam- Sten 
pling equipment is operated by personnel from = £rs) Harbour 
the Meteorological Services Branch of the De- 
partment of Transport. Detailed discussions of 
the sampling procedures, methods of analysis, 
and interpretation of results of the radioactive 
fallout program are contained in reports of the 
Department of National Health and Welfare 
(3-7). 

A summary of the sampling procedures and = g**90)"*.- waa>7 
methods of analysis was presented in the = gucatoon 
November 1966 issue of Radiological Health oe See... 
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1 Prepared from information and data in the October Winnipeg. 
1966 monthly report “Data from Radiation Protection Yellowknife 
Program,” Canadian Department of National Health Network summary - 
and Welfare, Ottawa, Canada. 
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Figure 3. Canadian air and precipitation sampling stations 


Radiological Health Data and Reports 





3. Mexican Air Monitoring Program 
September 1966 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of 
Mexico was established by the Comisién Na- 
cional de Energia Nuclear (CNEN), México, 
D.F. From 1952 to 1961, the network was 
directed by the Institute of Physics of the Uni- 
versity of Mexico, under contract to the CNEN. 

In 1961, the CNEN appointed its Division 
of Radiological Protection to establish a new 
Radiation Surveillance Network. In 1966, the 
Division of Radiological Protection was restruc- 
tured and its name changed to Direccién Gen- 
eral de Seguridad Radiolégica (DRS). The net- 
work consists of 16 stations (figure 4), 11 of 
which are located at airports and operated by 
airline personnel. The remaining five stations 
are located at México, D.F., Mérida, Veracruz, 
San Luis Potosi, and Ensenada. Staff members 
of the DRS operate the station at México, D.F., 
while the other four stations are manned by 
members of the Centro de Previsién del Golfo 
de México, the Chemistry Department of the 


University of Mérida, the Institute de Zonas 
Desérticas of the University of San Luis Potosi, 
and the Escuela Superior de Ciencias Marinas 
of the University of Baja California, respec- 
tively. 


Sampling 


The sampling procedure involves drawing air 
through a high-efficiency 6- by 9-inch glass-fiber 
filter for 20 hours a day, 3 or 4 days a week at 
the rate of 1,000 cubic meters per day, using 
high-volume samplers. 

After each 20-hour sampling period, the filter 
is removed and shipped via airmail to the Sec- 
cién de Radioactividad Ambiental, CNEN, in 
México, D.F., for assay of gross beta activity, 
allowing a minimum of 3 or 4 days after collec- 
tion for the decay of radon and thoron. The 
data are not extrapolated to the time of collec- 
tion. Statistically, it has been found that a 
minimum of eight samples per month was 
needed to get a reliable average activity at each 
station (8). 

The maximum, minimum, and average fission 
product beta concentrations in surface air dur- 
ing September 1966 are presented in table 3. 
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Mexican air sampling locations 
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Table 3. Mexican gross beta activity of airborne 4. Pan American Air Sampling Program 
particulates, September 1966 September 1966 





Number Gross beta activity, pCi/m* 


Station of ——-—_——_—_——— Pan American Health Organization and 


samples 


Maximum , Minimum | Average U.S. Public Health Service 


Acapulco- . 
Chihuahua. - - 
Ciudad Judrez. 
Ensenada 


Gross beta activity in air is monitored by 
countries in the Americas under the auspices 
of the collaborative program developed by the 
----| Pan American Health Organization (PAHO) 
 <gagasetaneiaeats 4 4 te and the U.S. Public Service (PHS) to assist 
~ om ot Seabee | 3 | PAHO-member countries in developing radio- 
is n | ; ' logical health programs. The sampling equip- 
) aa ---| . ment and analytical services are provided by 

the National Center for Radiological Health, 
PHS, and are identical with those employed for 


Nano | 


Guadalajara - 
Guaymas-_.-_-- 
La Paz... = 
Matamoros. ---- 


os 
mobo 





NS, no sample collected: station temporarily shut down. 
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Figure 5. Pan American Air Sampling Program stations 
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the Radiation Surveillance Network. The air- 
sampling station positions are shown in figure 5. 

The September 1966 air-monitoring results 
from the participating countries are given in 
table 4. Levels were generally lower than 


Table 4. PAHO gross beta activity in surface air 


September 1966 





Gross beta activity 
(pCi/m?) 


Station location 


Max- Min- | Aver- 
| imum | imum | age® 





Argentina: Buenos Aires____.-_-.-------| | <0.49 
Chile: Santiago ia diickphadGedad | 
CapmeneE: POGOS.. .. 2. 2 one nw e sees) 


Ecuador: Guayaquil - - - - 


Jamaica: Kingston_. 

Peru: Lima.---- sos 

Venezuela: Caracas._.....__-.__----_- 
West Indies: Trinidad______._.____.--- 





Pan American summary... ------------ 163 10.97, <0. 10 <0.18 





* The monthly average is calculated by weighting the individual samples 
with length of sampling pop Values of <0.10 are assumed to be ().10 for 
averaging purposes. f 10 percent or more of the samples from a station 
contain <0.10 eCi/m?. a less-than sign is placed before the average. 


August levels until the last 3 days of the month, 
when an abrupt rise in activity occurred in 
samples from Buenos Aires, Argentina, and 
Santiago, Chile. Concentrations of fresh fission 
products are identified in the samples in table 5. 
The decay index of the September 30, 1966, 
Buenos Aires sample indicates that the majority 
of the activity was probably from the French 
nuclear test on September 24, 1966. The other 
samples were not active enough for reliable 
“age” estimates. 


Table 5. Fresh fission products in PAHO air samples 
September -1966 





Location Concentration 





Chile: Santiago___ .| September 28 


September 29 
Argentina: Buenos Aires... Sentember 29 
September 30 
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5. National Air Sampling Network 
July-September 1966 


National Center for Air Pollution Control 
Public Health Service 


The necessity of having basic data on the 
nature and extent of air pollution throughout 
the United States led to the organization of the 
National Air Sampling Network (NASN) in 
1953. The NASN analyzes air samples for the 
total quantity of suspended particulate matter, 
benzene-soluble organic matter, and gross beta 
radioactivity. Selected samples are also an- 
alyzed for nitrates, sulfates, and a number of 
metals. The resulting data aid in the detection 
of trends in levels of pollution with respect to 
time, location, population density, climate, and 
other factors. 


Gross beta activity in air 


NASN stations (figure 6) are manned by co- 
operating Federal, State, and local agencies. 
The current basic network consists of 110 sam- 
pling stations’ which operate every year in 73 
large cities and 37 non-urban areas. In addi- 
tion, there are stations in 130 cities which oper- 
ate every other year. Thus, the NASN consists 
of 240 sampling stations, 175 of which are 
active in any given year. 

Continuous 24-hour samples of suspended 
particulate matter are taken at each station. 
The samples, representing approximately 2,000 
cubic meters of air, are collected on glass-fiber 
filters on a biweekly random sampling schedule. 
They are sent for analysis to the Network lab- 
oratory at the Robert A. Taft Sanitary Engi- 
neering Center in Cincinnati, Ohio. July through 
September 1966 gross beta activities in air are 
given in table 6. 





Table 6. 


NASN fission product gross beta activity in surface air, July-September 1966 





Station 


| Number 


of 


samples 


Concentration, pCi/m!* 





Maxi- 
mum 


Mini- 
mum 


Average 


Station 


Number 
of 
samples 


Concentration, pCi/m* 





Maxi- 
mum 


Mini- 
mum 


Average 





Mich: 
Minn: 


Mont: 
Nebr: 


Birmingh 
Gadsden _ 
Mobile. - 
Anchorage_ 


Grand Canyon Park *__- 
Paradise Valley 


Tucson 


Little Rock 
Montgomery County *_ -- 
Texarkana 


Burbank 
Humboldt County * 
Los Angeles___. --_- 


San Diego 
San Francisco. 


Montezuma County *__-_-. 
Hartford 


Kent County * 
Newark 
Wilmington 


Butte County * 
Chicago 


East Chicago 

Hammond 

Indianapolis 

N. Monroe State Forest_-_ 


New Albany 
Parke County * 
South Bend 


Davenport 
Delaware County * 
Des Moines 
Dubuque 


Kansas City 
Wichita 


Covington 
Louisville__-.--- 


New Orleans 
Acadia National Park * 
Portland 


Minneapolis _ 
oorhead 
St. Paul 


Jackson County ®____._-. 
Kansas City 
St. Louis 
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Las Vegas 
White Pine County * 


Jersey City 
Newark 


Albuquerque 

Rio Arriba County * 
Cape Vincent * 

New York 


Cherokee County * 
Oklahoma City__...___-- 


Curry County * 
Portland 


Clarion County * 
Lancaster * 
Philadelphia 
Pittsburgh 


Bayamén 
Guayanilla 


Providence 
Washington County *___. 
Columbia 


Matagorda County * 
Pasadena 


Ogden 
Salt Lake City 
Burlington 
Orange County * 


Danville 

Norfolk 

Shenandoah Nat’l Park *_ 
Seattle 


Charleston 

Door County * 
Milwaukee _ - 

Cheyenne 

Yellowstone Nat'l Park*_ 
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* Non-urban station. 
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Figure 6. National Air Sampling Network locations, 1966 


6. Surface Air Sampling Program— 
80th Meridian Network 
January-—December 1965? 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


The Health and Safety Laboratory began its 
Surface Air Sampling Program in January 
1963, as a continuation of the 80th Meridian 
Program conducted by the U.S. Naval Research 
Laboratory. The objectives of this program are 
to determine the concentrations of radioactivity 
in surface air in both hemispheres as a function 
of latitude and season, and to interpret these 
data in terms of the dominant meteorological 
and physical processes which are operative. 

The basic network consists of a line of sites 
approximately along the 80th meridian extend- 
ing from about 76°N to 53°S latitudes (figure 


2 Summarized from “Fallout Program Quarterly Sum- 
mary Report,” HASL-173, available from the Clearing- 
house for Federal Scientific and Technical Information, 
5285 Port Royal Road, Springfield, Virginia 22151. 
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7). Duplicate collections are made at the New 
York site which provide a measure of the re- 
producibility of sampling and analysis in this 
program. Additional sites in Hawaii and in 
the continental United States were implemented 
to supply data relating to possible longitudinal, 
coastal, or altitude effects of surface air con- 
centrations. The Environmental Science Serv- 
ices Administration maintains a collection site 
at the Amundson Scott Station in Antarctica. 
The air-filter samples from this site are also 
included in the HASL Program. 


Sampling and analytical procedures 


Approximately 1,400 cubic meters of ambient 
air per day are drawn through an 8-inch- 
diameter Microsorban filter. Each filter is 
changed on the Ist, 8th, 15th, and 22nd of the 
month or more frequently if the filter becomes 
clogged with debris suspended in the air. Under 
normal conditions, the filters from each station 
are compressed into a monthly composite and 
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Figure 7. 80th Meridian Network sampling stations 
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the gamma-ray spectrum of the composite is ob- 
tained by an 8- by 4-inch Nal (Thallium) crys- 
tal approximately 2 weeks after the last collec- 
tion in the month. If a nuclear event occurs and 
measurable quantities of radioactivity are in- 
jected into the atmosphere, each filter collected 
in the same hemisphere in which the event takes 
place is assayed individually in an attempt to 
better delineate the disposition and dispersion 
of the nuclear debris during the ensuing weeks. 

The integrated response between 100 KeV 
and 3.0 MeV is corrected by the average detec- 
tion efficiency (35 percent) of the gamma-ray 
photons present in fallout and the total gamma- 
ray activity is reported in units of photons/ 
min- 1,000 m*. Average monthly gamma-ray 
concentrations are calculated by weighting the 
concentrations in each sampling interval by the 
relative period of time in the interval. After the 
gamma-ray measurements have been completed 
monthly composites from each site are submit- 
ted to contractor laboratories for radiochemical 
analyses. 

Since the last major nuclear weapon test 
series occurred at the end of 1962, only the 
longer-lived artificially produced radionuclides 
were present in the filters analyzed. Conse- 
quently, emphasis was given to the determina- 
tion of manganese—54, iron—55, strontium—90, 
cadmium-109, cesium—137, cerium—144, and at 
some sites, plutonium—238 and plutonium—239. 
Strontium-89 and zirconium—95 were analyzed 
in samples collected in May and June after the 
second Chinese nuclear test of May 14, 1965. 

The longer-lived fission products and plu- 
tonium—239 concentrations should describe the 
general distribution in surface air of all previ- 
ous nuclear weapons debris which was trans- 
ferred from the lower stratosphere to the tropo- 
sphere during the collection period of this re- 
port. Other tracer radionuclides can be associ- 
ated with debris from a single detonation or a 
series of detonations. Manganese—54 and iron— 
55 were produced in large quantities in the 1961 
and 1962 test series. Cadmium-—109 was gen- 
erated by the U.S. high-altitude test over John- 
ston Island on July 9, 1962. While plutonium— 
238 is present in low concentrations in nuclear 
weapons debris, about 17,000 curies of pluton- 
ium-—238 were disseminated at high altitude in 
the stratosphere on April 21, 1964, during the 
re-entry burnup of a SNAP-9A power source. 
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During 1965, Food, Chemical and Research 
Laboratories, Inc., (FCRL) of Seattle, Wash., 
performed the analyses of most of the samples 
in this pregram. Isotopes, Inc., of Westwood, 
N.J., analyzed most of the samples collected at 
Westwood; Lima, Peru; and Chacataya, Bolivia. 


_Hazelton-Nuclear Science Corporation of Palo 


Alto, California, analyzed practically all of the 
samples from Sterling, Virginia, and Anto- 
fagasta, Chile. Previous reports containing 
data on the HASL Surface Air Sampling Pro- 
gram are given in references (9-12). 


Results 


The updated activity concentrations in surface 
air during 1965 are presented in tables 7 
through 17. The sites are listed according to 
latitude beginning with the most northern site 
at Thule, Greenland. The coded duplicate sam- 
ples from the New York site were analyzed, 
and these results are also given in tables 7 
through 17. Such duplicate samples were part 
of a quality control program maintained with 
Food, Chemical and Research Laboratories, 
Inc., in which coded duplicates, standards, and 
blanks were submitted with each shipment of 
samples. The results of the standards and blank 
analyses are reported in table 18. 

The concentrations are reported at the mid- 
point of the collection month for the plutonium 
isotopes and the fission products and on the 
following dates for the induced radionuclides: 

Manganese—54 and iron—55: 

October 15, 1961 

Cadium-109: 

July 9, 1962. 

One standard deviation of the counting error 
for these data is always less than +20 percent 
and usually less than 10 percent unless other- 
wise indicated. Data are suspect when the con- 
centration of a radionuclide is inconsistent 
with: 

1. Its concentrations in samples adjacent in 

time and place 

2. Concentrations of other radionuclides in 

the same sample. 

Some of the plutonium—238 and -239 con- 
centrations during October 1965 which were 
reported earlier (12) have been omitted in 
tables 16 and 17 because of analytical errors 


which have been uncovered but cannot be re- 
solved. 





Data reliability 


According to Volk (13) an estimate of the 
standard deviation of an analysis can be ob- 
tained from duplicate measurements by the 
equation: 


o = 0.8862 d 


where o = percent standard deviation 


d= deviation between duplicate meas- 
urements expressed as percent of 
the mean. 


Invoking this equation, the standard devia- 
tion for each duplicate measurement at New 
York is reported in tables 7 through 17 along 
with the average standard deviation for each 
radionuclide during the time interval covered by 
this report. Deviations are given only for dupli- 
cates where the counting error is less than 
+ 20 percent. The average percent standard 
deviation for all radionuclides except strontium— 
89 is 16 percent or better. The listed average 
percent standard deviation for strontium-89 is 
45 percent. While the strontium-89 analysis is 
probably less reliable than the other radio- 
nuclide analyses, not enough duplicate stron- 
tium-—89 measurements were performed to per- 


mit an adequate evaluation of that reliability. 

A blank is prepared by sprinkling a small 
amount of pre-1945 soil (<100 mg) onto an 
unexposed Microsorban filter. Then carbon soot 
from burning naphthalene is filtered onto the 
Microsorban paper for a few moments under 
laboratory conditions. This procedure produces 
blanks which are very similar in appearance 
and, in some respects, composition to the routine 
filters collected by this program. When the 
blanks are coded, as are all the filters submitted 
for radiochemistry, they are not readily distin- 
guishable from routine samples. 

A standard is prepared by evaporating 
weighed aliquots of standard solutions of vari- 
ous radionuclides calibrated at HASL onto a 
blank sample which was prepared by the proce- 
dure just described. However, since Microsor- 
ban is a polyethylene-base paper, it is not wetted 
by aqueous solutions. To avoid this problem, the 
tracer solutions were added to one of two pieces 
of backing paper which accompany each sample. 
The backing paper readily absorbs the tracer 
solutions, and is completely dissolved with the 
Microsorban filter prior to radiochemical an- 
alysis. The results of the coded blank and 
standard sample analyses are given in table 18. 


Table 7. Gamma activity in surface air, January-December 1965 


(gamma ray activity, photons/mins1,000 m‘) 





Station Feb 


Jan 





! 


Mar | 


June 





Northern Hemisphere 


Thule, Greenland_ -_- 
Moosonee, Canada_| 
Seattle, Wash_.-- 
Appleton, Wis- - - - 
Westwood, N.J_ ~~ - 
New York, N.Y-_--. 





68° 35’ 
80° 39’ 


Sterling, Va 

Palo Alto. Calif - - 
Midwest City, Okla. 
Norman, Okla - - 
Chattanooga, Tenn_ 


Miami, Fla---- - -- 
Mauna Loa. Hawaii_| 
San Juan, P.R_ | 
Miraflores, C.Z__.- -| 
Balboa, C. Z__- 





Southern Hemisphere 


Guayaquil, Ecuador_} 
Lima, Peru 

Chacaltaya. Bolivia 
Antofagasta. Chile_- 
Santiago. Chile__--- 
Puerto Montt. Chile- 


Punta Arenas, Chile- 


53° 08’ | 
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* Data suspect. 
> Analysis performed by FCRL. 
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In the January and February sample ship- 
ment, the blank samples were separate and 
distinct from the standard samples. Thereafter, 
any particular quality-control sample might be 
a blank for certain radionuclides and a standard 
for others depending upon whether tracer solu- 
tion was added or not. A review of the blank 
data in table 11 indicates that the laboratory 
contamination for most of the nuclides studied 
is either not measurable or at a level which is 
usually negligible with regard to the activity 
levels in the samples. A notable exception is 
manganese—54 because its contamination level 
approaches the activities measured in the filter 
samples collected at the low and high latitude 
stations of the Southern Hemisphere (Guaya- 
quil and Punta Arenas) from about mid-1965. 

FCRL has performed some plutonium—238 
and plutonium—239-240 analyses on surface air 
filter samples beginning in June 1965. The pre- 
vious plutonium analyses performed in this 
program were conducted by Hazleton Nuclear 
Science Corporation and Isotopes, Inc. The 
blank analyses which were performed by FCRL 
and are reported in table 18 indicate that since 
July 1965 the laboratory contamination for 
plutonium—238 at FCRL is, at times, equivalent 
to the activity levels measured in the samples. 
This in effect invalidates practically all of 
FCRL’s plutonium—238 measurements. It should 
be stressed that plutonium-—238 measurements 
of surface air filter samples are very difficult 
analyses which are compounded by the extreme- 
ly minute quantity of plutonium-—238 which is 
present. 

The previous evaluation of the data in table 
11 from January through June 1965 (11) sug- 
gested that there may have been serious errors 
at times in the preparation or processing of the 
standard samples or that the standards and 
their analyses are not wholly representative of 
the routine surface air samples. It was pro- 
posed that future standards would be prepared 
by dispersing the tracer solutions directly on 
the Microsorban filter with a wetting agent 
instead of on the backing paper so that the 
standard would more closely resemble the rou- 
tine samples. Unfortunately, this modification 
was not put into effect until the November 1965 
samples were submitted for analyses. However, 
extra care was taken in the preparation of the 
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July through October standards. 

The overall accuracy of FCRL’s analyses of 
samples which were collected in 1965 is reflected 
in the average percent deviation reported in 
table 18. There appears to be a negative bias 
for all radionuclides, most of them being accu- 
rate to within 15 percent. Cadmium-109 and 
plutonium-239 results are more extreme, being 
consistently low by an average of about 25 and 
50 percent, respectively. 

This behavior of the cadmium-109 and plu- 
tonium-—239 data suggests that a sizable error 
exists in the calibration of the radioassay equip- 
ment for these two nuclides. However, the 
variability of the bias for these two nuclides 
argues that a more serious non-systematic error 
may also be involved such as impure separa- 
tions, incorrect radiochemical yields, or unstable 
radioassay equipment. All cadmium fractions 
from samples collected during 1965 are being 
reassayed at HASL in an effort to resolve the 
uncertainties of analysis and in order to report 
lower levels of detection. Plutonium analyses 
have been suspended until the reliability of 
analysis which was demonstrated in early 1965 
can be reestablished. The bulk of the plutonium 
analyses for 1965 which were reported by Iso- 
topes, Inc., and Hazleton Nuclear Science Cor- 
poration appear to be internally reasonable and 
consistent. 
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Table 8. Manganese-54 concentrations in surface air, January-December 1965 


(concentrations, dpm/1,000 m* of composite monthly samples decay corrected to October 15, 1961) 





! 
Station A / June | July Oct 





Northern Hemisphere 


Thule- 
Moosonee. 
Seattle___- 
Appleton___-- 
Westwood____ 
New York 


eee @ 88 
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a3 25 348 
a oo 15d 


Sterling__ 356 
Palo Alto | 381 
Midwest City... ___| | 315 
Norman - 

Chattanooga 272 


lao immenal al on 


-_ 


Miami_. | 332 
Meuna Loa | | 536 
San Juan 210 
Miraflores__. 131 
Balooa -- 


Southern Hemisphere | 


N 
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Guayaquil 

Lima 
Chacaltaya___ 
Antofagasta 
Santiago 

Puerto Montt 
Punta Arenas_._. 
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* Counting error is 20-50 percent. 
> Data suspect. 

¢ Analysis performed by FCRL. 

4 Counting error is 51-100 percent. 
ND, not detectable. 


Table 9. Iron-55 concentrations in surface air, January-December, 1965 


(concentrations, dpm/1,000 m* of composite monthly samples decay corrected to October 15, 1961) 





Station d . ! May June Aug Sept 








Northern Hemisphere | 


| 
| 


Moosonee. 
Seattle... 
Appleton _ - 
Westwood... __.- 
New York... -- 


SES SESS 
earl eon 


oo 
Qn 


Sterling_- 
Palo Alto-_- -- 
Midwest City 


Chattanooga - - - 


Miami Se 
Mauna Loa_ --- 
San Juan 
Miraflores. __ 
Balboa 


Southern Henisphere | 


Guayaquil 

Lima a. 
Chacaltaya___ 
Antofagasta 
Santiago 

Puerto Montt- - 
Punta Arenas___-- 








Sao sto ot 
AOwW Dora 

















* Data suspect. 

> Analysis performed by FCRL. 

¢ Counting error is 20-50 percent. 
4 Counting error is 51-100 percent. 
ND, not detectable. 
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Table 10. Strontium-89 concentrations in surface air, January-December 1965 


(concentrations. dpm/1,000 m* at midmonth) 





Station | | May June 








Northern Hemisphere | 
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Punta Arenas__.--- 
































* Counting error is 20-50 percent. 

> Monthly strontium-89 concentration calculated from analyses of several highly radioactive daily samples. 
¢ Analysis performed by FCRL. 

4 Counting error is 50-100 percent. 

ND, not detectable. 


Table 11. Strontium-90 concentrations in surface air, January-December 1965 


(concentrations, dpm/1,000 m* at midmonth) 





Station Apr | 
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Southern Hemisphere 











Guayaquil 
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* Data suspect. 

> Analysis performed by FCRL. 

© Counting error is 20-50 percent. 
4 Counting error is 51-100 percent. 
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Table 12. Zirconium-95 concentrations in surface air, January-December 1965 


(concentrations, dpm/1,000 m* at midmonth) 





| 
Station | May June July 








Northern Hemisphere 


Thule- - - - 
Moosonee. 
Seattle___- 
Appleton 
Westwood_.._. 
New York---- 
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* Counting error is 20-50 percent. 
> Data suspect. 

¢ Counting error is 51-100 percent. 
¢ Analysis performed by FCRL. 
ND, not detectable. 


Table 13. Cadmium-109 concentrations in surface air, January-December 1965 


(concentrations, dpm/1,000 m* of composites monthly samples decay corrected to July 9, 1962) 





| 
Station Jan Apr May June July 








Northern Hemisphere 





Moosonee 
Pitaeh<csecee 
ON Re 
Westwood....-...-- 
New York 


ZZZZZZZ 
elelelelelo)e) 


Sterling 
Palo Alto 
Midwest City 


Miraflores 
Balboa 





Guayaquil - - - - - --- N 0. 
Lima- 

Chacaltaya___ 

Antofagasta. - 

Santiago-_-. j 5 a 
Puerto Montt- - - - » 0.57 b 
Punta Arenas--_-_- ‘i ® 














0. 
0. 
0. 
0.5 











* Counting error is 51-100 percent. 
>» Counting error is 20-50 percent. 
¢ Data suspect. 

4 Analysis performed by FCRL. 
ND, not detectable. 
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Table 14. Cesium-137 concentrations in surface air, January-December 1965 


(concentrations, dpm/1,000 m* at midmonth) 





Station Jan Apr May | June 








Northern Hemisphere 


a 
@ 
nw 


gi) es * | Den NOHO HOR 


Moosonee. - - 
Seattle____ “ 
Appleton_-__----_- 
Westwood__-_-__- 
New York_--- 


13> 


wWOwWANwH OE 
joy om 
maw l @ 


a 


Sterling 
Palo Alto- 


20 ANS RORY 


Cae weet 


| 


| ONm Reonmaowe 
S| Boe BHOHMowno®S 


Seo | rae 


Miami_--- 

Mauna Loa 

San Juan_--_----- 
Miraflores__---_----- 
Balboa 


| eoom © | irtow Oh him OWO 
o)| oo S| wow Go im Sito | 


| thon to] ee 


| #Ne©o 
mi mon 


| robe 
Wl See wwe) ye awa) ©) om 


si3°* Coos | G00 
— moO 


Oo] Om 





> 
= 





ies 


Chacaltaya___----- 
Antofagasta ----_- 
Santiago__-- 

Puerto Montt 

Punta Arenas__-_----| 


;;"— 











We 61 00 53 09 Go 
im OOo 
oo 














alll igs 
Ro 
Da 





* Analysis performed by FCRL. 
> Data suspect. 


Table 15. Cerium-144 concentrations in surface air, January-December 1965 


(concentrations, dpm/1,000 m* at midmonth) 





Station May June July 





Northern Hemisphere 








h»ONND ACO 
RID Dior 


© 


Sterling 
Palo Alto 


mole Saonm | Omoo 


Miraflores__..-....- 
Balboa 


g| wom to | me CASON Sh 
tw) mts OO) OR 2OOW) Sar 
ols | 


a) ove o\~ ew 
®) gx So) 2o 
sie 














Chacaltaya___------ 
Antofagasta 

Santiago_-_--_--- «vel 
Puerto Montt- - - -_- 
Punta Arenas___-----| 




















wow) | oe 














* Analysis performed by FCRL. 
> Data suspect. 
© Counting error is 20-50 percent. 
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Table 16. Plutonium-238 concentrations in surface air, January-December 1965 


(concentrations, dpm/1,000,000 m* at midmonth) 





Station d | Mar | Apr May | June July 





Northern Hemisphere 


dine bh dmewene 
Moosonee. 
Seattle___- 
Appleton... -- 
Westwood.._- 

New York---- 





Sterling_- 
Palo Alto 
Midwest City 





Mauna Loa. -- 
San Juan 
Miraflores 
Balboa 


outhern Hemisphere 




















Guayaquil - - 
Lima 
Chacaltaya__. 
Antofagasta 
Santiago ‘ 
Puerto Montt- - - - 
Punta Arenas___-.- -- 











* Counting error is 51-100 percent. 
> Counting error is 20-50 percent. 
¢ Analysis performed by FCRL. 

4 Data suspect. 

ND, not detectable. 


Table 17. Plutonium-239 concentrations in surface air, January-December 1965 


(concentrations, dpm/100,000 m* at midmonth) 





Station Jan 





Northern Hemisphere 


Thule - - 

Moosonee- 

Seattle___- 

Appleton___- : 

Westwood___- i »7 66.6 * 261 
New York---- 





_ 


rr 
WOOS warm 


Sterling__ 

Palo Alto _ 
Midwest City - - 
Norman. -- ---- 
Chattanooga - - - 


Miraflores-__-__ - 
Balboa 





























Guayaquil - - - 
Lima 
Chacaltaya___ 
Antofagasta 
Santiago : 
Puerto Montt_-_ 
Punta Arenas____ 








* Data suspect. 

> Counting error is 20-50 percent. 
¢ Counting error is 51-100 percent. 
ND, not detectable. 
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Table 18. Analyses of coded blank and standard samples during 1965 





Radionuclide 


Sample 


Manganese-54 


Iron-55 


Strontium-89 


Strontium-90 


Zirconium-95 


Cadmium-109 


Cesium-137 


Cerium-144 


Plutonium-238 


Plutonium-239 


| Added 


Found 
% Deviation 


| Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


| Added 
| Found 
| % Deviation 





% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 





> 4,320 








Report date 











March 15 


April 15 





Cc 





Manganese-54 


Iron-55 


Strontium-89 


Strontium-90 


Zirconium-95 


Cadmium-109 


Cesium-137 


Cerium-144 


Plutonium-238 


Plutonium-239 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 





























See footnotes at end of table. 
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Table 18. 


Continued—Analyses of coded blank and standard samples during 1965 





Radionuclide 


Manganese-54 


Tron-55 


Strontium-89 


Strontium-90 


Zirconium-95 


Cadmium-109 


Cesium-137 


Cerium-144 


Plutonium-238 


Plutonium-239 


Manganese-54 


Iron-55 


Strontium-89 


Strontium-90 


Zirconium-95 


Cadmium-109 


Cesium-137 


Cerium-144 


Plutonium-238 


Plutonium-239 


| o 


Sample 


| Added 


Found 


| % Deviation 


| Added 


Found 


| % Deviation 


| Added 
| Found 


% Deviation 


| Added 


Found 
% Deviation 


| Added 


Found 
% Deviation 
Added 


Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 


| Found 


% Deviation 


Added 
Found 


® Deviation 


Added 
Found 
% Deviation 


| Added 


Found 


| % Deviation 


Added 
Found 


% Deviation 


| Added 


Found 
% Deviation 
Added 
Found 
% Deviation 
Added 
Found 


% Deviation 


| Added 


Found 
% Deviation 


| Added 
| Found 


% Deviation 


Added 
Found 
% Deviation 


Report date 
























































—- ! 
See footnotes at end of table. 
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Table 18. 


Continued—Analyses of coded blank and standard samples during 1965 





Radionuclide 





Manganese-54 


Strontium-89 


Strontium-90 


Zirconium-95 


Cadmium-109 


Cesium-137 


Cerium-144 


Plutonium-238 


Plutonium-239 


Report date 





September 15 


October 15 





B 





Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 























15.2 
10.1 
— 34 











Average 
percent 
deviation 





Manganese-54 


Iron-55 


Strontium-89 


Strontium-90 


Zirconium-95 


Cadmium-109 


Cesium-137 


Cerium-144 


Plutonium-238 


Plutonium-239 





Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 


Added 
Found 
% Deviation 








15.8 
3.99 
—75 














0 


ND 


0 
© 0.092 





a. 7 
90 | 


3 
7 
0 


—-@ 











* Figures in table are in units of dpm with percent deviation of ‘found"’ from “‘ added” values. 


> Suspect data. 


© One standard deviation of counting error is between +51-100 percent. 
4 One standard deviation of counting error is between +20-50 percent. 
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Percent standard deviation is not included in average value for radionuclide. 
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6/2-6/17 
270pCi/g 


5/27-6/30 
55pCivg 


6/13-6/27 
ISpCi/g 


BOVINE THYROID NETWORK 


[1] Geographical groupings for the period, 
January-June 1966 





5/23-6/28 © 


5/23-6/30 
25 pCi/g 


>; 
? 
| 175pcig =f 
5/3\-6/21 
255 pCi/g 


LEGEND: 


6/13-6/27 Sampling Dotes 
IS pCi/g Average Concentration 








Figure 1. Counties sampled in bovine thyroid network, January-June 1966 
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Section IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 
Included here are such data as those obtained 


Other Data 


from human bone sampling, bovine thyroid 
sampling, and environmental monitoring re- 
ports. 





IODINE-131 IN BOVINE THYROIDS, 


National Center for Radiological Health 
Public Health Service 


To supplement its existing environmental sur- 
veillance systems, the National Center for Radio- 
logical Health established a Bovine Thyroid 
Network in October 1964 (1). Specimens are 
collected by the Meat Inspection Division, U.S. 
Department of Agriculture, and analyzed by 
gamma-ray spectrometry for iodine-131 content 
at the Northeastern Radiological Health Labo- 
ratory, Winchester, Mass. 

The network consists of collection areas 
(counties shaded in figure 1) located so as to 
cover, as nearly as possible, areas near major 
nuclear reactors, spent-fuel reprocessing plants, 
and nuclear test sites. Details of sampling and 
analysis have been published earlier (1). For 
this report, the collection areas sampled during 
January through June 1966 were grouped on a 
broad geographical basis as shown in figure 1. 

The results for January through June 1966 
appear in table 1 and are listed chronologically 
within the geographical groupings noted in 
figure 1. The influx of fallout iodine—131 fol- 
lowing the mainland China atmospheric nuclear 
detonation of May 9, 1966, was observed 
through June 1966, with peak values for indi- 
vidual specimens ranging from 100 to 900 pCi 
iodine-131/g thyroid in the various geograph- 


January 1967 


JANUARY-JUNE 1966 


ical groupings during the early and middle part 
of June 1966. 

To indicate the relative occurrence of iodine— 
131 in the bovine thyroid for the geographical 
groupings selected, average observed concentra- 
tions (pCi iodine-131/g thyroid) have been cal- 
culated for each of the seven groupings. These 
averages are calculated for the periods of time 
(shown in figure 1) during which the iodine— 
131 levels were at their peak or, in the cases 
where peak values were not observed, for the 
period during which the counties were sampled 
after the detonation event. The average values 
indicate the relative intakes for the bovine pop- 
ulations in each of the geographical groupings. 
Groupings 1 (California), 2 (Idaho, Utah, and 
Washington), and 7 (New York and Vermont) 
reflected low intakes for the bovine populations 
(15, 55, and 25 pCi/’g thyroid, respectively). 
Considerably higher thyroid concentrations 
were observed in the remaining four groupings 
(175-350 pCi/g thyroid). 

Recent coverage in Radiological Health Data and 


Reports: 
Period 


January—June 1965 
July—December 1965 


REFERENCE 


(1) BARATTA, E. J., E. R. WILLIAMS, and G. MUR- 

RAY. Iodine—131 in bovine thyroid, October-Decem- 

ber 1964. Radiol Health Data 6:569-574 (October 
1965). 


Issue 


January 1966 
October 1966 
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Table 1. Iodine-131 in bovine thyroids, January-June 1966 





pCi iodine-131/g thyroid 





Date(s) 
f 


Number 
of 


Geographical grouping * oO! Counties of origin Average = 
slaughter samples | orcon- | Mini- Maxi- 
centra- mum mum 

tion 





1 California b 1/3-5/13 | [California] ¢ «ND 
Fresno (23) ¢ Sacramento (0) 
Glenn (0) San Benito (2) 
Humboldt (4) San Bernardino (25) 
Imperial (1) San Diego (1) 
Kern (3) San Joaquin (49) 
Kings (15) San Luis Obispo (5) 
Los Angeles (91) San Mateo (0) 
Madera (4) Santa Barabara (7) 
Marin (2) Sonoma (4) 
Merced (46) Stanislaus (37) 
Monterey (26) Tulare (20) 
Orange (0) Ventura (2) 
Riverside (13) 





San Bernardino 
Los Angeles 
San Joaquin 
Stanislaus 


rey 
NON 


Los Angeles 
San Joaquin 
Glenn__--_- 

Los Angeles 





bs NNY® 


San Joaquin 
Stanislaus 


_ 


iS) 
r-OnDmem 


w 
@ 


Monterey 
Stanislaus 


— i O 
SCnowa 


San Joaquin 
Stanislaus 

Los Angeles 
Monterey - - - 
San Joaquin - -- 
Stanislaus 


A 
HOA ONS 


~ 
DOW DWH 


San Joaquin 
Los Angeles 
San Bernardino 


Z 
Orarcanw 


me 


iw) 
POD 


Sacramento 
Stanislaus 

San Joaquin 
Stanislaus 

Los Angeles 
San Bernardino 


Los Angeles 
Los Angeles 


DWH Oe RNNNNNNH HN ERNNNNEH VNU NNNNNVENNNNNNN ENE HE NNNNWONNNENNNNNH Wr 


2 Idaho, Utah, and Washington b1/4-4/22 | [Idaho] «¢ 

Adams (0) ¢ [Utah] 

Bonneville (0) Beaver (0) 
Caribou (0) Box Elder (0) 
Minidoka (0) Cache (0) 


oe 
~. 




















See footnotes at end of table. 
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Table 1. 


Continued—Iodine-131 in bovine thyroids, January-June 1966 





Date(s) 
Geographical grouping * o 
slaughter 


Counties of origin 


pCi iodine-131/g thyroid 





Average 
or con- 
centra- 

tion 


Mini- 
mum 


Maxi- 
mum 





2 Continued. 


3 Colorado, New Mexico, northwestern 


b 1/3-5/3 
Texas, and western Kansas 





4 Illinois. lowa. Kansas. Minnesota. South 


> 1/4-5/3 
Dakota, and Wisconsin 





See footnotes at end of table. 
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[Utah] 
Davis (0) 
Iron (0) 
Morgan (0) 
Salt Lake (0) 
Sanpete (0) 
Sevier (0) 


[Colorado] ¢__----- 


Costilla (4) * 
La Plata (12) 


Las Animas (4) 


Routt (4) 
Weld (0) 
[New Mexico] 
Bernalillo (60) 
Curry (32) 


Valencia 
Valencia 


Bernalillo__-- - - 
Valencia 
Swisher 


| PRES 
Stark ( 


) e 
[Iowa] 
Fayette (2) 
Lyon (11) 
{Kansas] 
Anderson (0) 
Finney (0) 
Jefferson (0) 
Miami (0) 
Riley (0) 
(Minnesota] 
Rock (11) 
Murray (0) 


Unitah (0) 
Utah (0) 
Washington (0) 


Weber (5 
{Washington 


Walla Walla (42) 


San Miguel (8) 

Socorro (0) 

Torrance (4) 

Valencia (12) 
[Texas] 

Swisher (0) 
(Kansas 

Finney (0) 


[South Dakota] 
Aurora (0) 
Beadle (0) 
Brookings (1) 
Brown (6) 
Brule (3) 
Charles Mix (6) 
Davison (1) 
Dewey (10) 
Douglas (3) 
Gregory (10) 
Hanson (5) 
Hutchinson (10) 
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Eee tote ee 
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Table 1. Continued—Iodine-131 in bovine thyroids, January-June 1965 


| | pCi iodine-131/g thyroid 
| 
Date(s) | Pee Number 
of | Counties of origin of Average 
slaughter | samples | orcon- | Mini- Maxi- 
} centra- mum mum 
tion 








Geographical grouping * 





: [South Dakota] Stanley (10) 
4 Continued. Lake (0) Sully (5) 
Lincoln (2) Turner (17) 
Lyman (1) [Wisconsin] 
McCook (0) Rock (46) 
Miner (5) Dane (29) 
Minnehaha (10) Green (11) 
Moody (1) 


wma 





OS SE Se ee ee ee 
Minnehaha 


BND et BD GND OND Dt DD Gt tt 


5 Arkansas, Mississippi, Oklahoma and /9-5/16> | [Arkansas] ¢ 
eastern Texas Hempstead (2) * [Oklahoma] 
[Mississippi] Pontotoc (6) 
Forrest (12) Johnston (2) 
Jackson (0) (Texas 
Jones (0) Falls (1) 
Rankin (0) 


iS] 
w 


a Os EE OEE 


6 Georgia, North Carolina. and South | 1/5-5/16> | [Georgia] ¢ 

Carolina Bulloch (1) ¢ Toombs (3) 
Burke (0) Upson (1) 
DeKalb (0) Washington (5) 
Elbert (0) Warren (4) 
Gordon (1) Wayne (0) 
Greene (0) Wilkes (3) 
Gwinnett (0) (North Carolina] 
Hancock (1) Buncombe (0) 
Jenkins (1) Cleveland (2) 
Jefferson (3) (South Carolina] 
Lincoln (2) Aiken (0) 
McDuffie (2) Chester (0) 
Mitchell (2) “Greenwood (0) 
Morgan (2) Lexington (0) 
Richmond (0) Richland (2) 
Screven (1) Saluda (0) 
Taliaferro (1) Spartanburg (0) 
Tattnell (1) 


Cleveland 
Richmond 











Warren 














See footnotes at end of table. 
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Table 1. Continued—Iodine-131 in bovine thyroids, January-June 1966 





pCi iodine-131/g thyroid 





Date(s) Number 

of Counties of origin of Average 
slaughter samples | or con- Mini- Maxi- 
mum mum 


Geograph’ :al grouping * 








6 Continued. 


6/17 


6/20 
6/21 


6/22 





6/27 


6/28 


6/30 


st pat feet IND BD IND et at ttt tN DBD Pet et ND tt tt Pt te BD OD 


7 New York and Vermont__-_____. 1/6-5/21> | [New York] ° 
Cattaraugus (62) ¢ 
Chautauqua (10) 
Erie (26) Franklin (173) 
[Vermont] Grande Isle (0) 
Addison (8) Orkans (2) 


iS] 
@ 
— 





Franklin 
Chautauqua 
Franklin 
Chautauqua 


Chautauqua 
Erie 
Chautauqua 
Franklin 
Chautauqua 
Erie 


Chautauqua 
Dd ctimesconcthuvdiosuaes stddaetaddddvbeatie 























* Geographical areas as designated in figure 1, encompassing those counties that were sampled in the States indicated. 

> Samples were not collected on all dates during this period, but the interval includes several sampling dates. 

¢ Brackets give State and are followed by counties sampled during the period indicated or on some other date during January-June 1966 

4 The results for this period were for the most part not detectable. Some positive results were obtained, but represented barely detectable amounts 
= in the bovine thyroid. In general, these positive results were 2-7 pCi/g thyroid and randomly scattered over the time period and counties 
indicated. 

e¢ Numbers in parentheses represent the number of samples collected from each county during the interval indicated. These may have been collected 
over several dates during the period or on only one date. (0) indicates that the county was not sampled during the interval given but was sampled on 
another date during January-June 1966. 

{ The State is given, but the exact county is unknown. The county is most likely one of those listed under the time interval 1/4-4/22. 

ND, not detectable; the two standard deviation counting error was greater than or equal to the concentration observed. For the counting system 
utilized and these very low concentrations the two standard deviation counting errors were generally 1-3 pCi/g thyroid. 
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ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT 
ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine monitor- 
ing programs where operations are of such a 


1 Part 20, “Standards for Protection Against Radia- 


tion,”” AEC Rules and Regulations, contains essentially 
the standards published in the “AEC Manual.” The AEC 
Rules and Regulations are available from the Superin- 
tendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 





1. Oak Ridge Area 
January—June 1966 2 


Union Carbide Nuclear Company 
Oak Ridge, Tennessee 


Oak Ridge area is a complex made up pri- 
marily of the Y-12 Plant, the Oak Ridge 
National Laboratory (ORNL), and the Oak 
Ridge Gaseous Diffusion Plant (ORGDP). 

Radioactive waste materials arising from the 
operation of atomic energy installations in the 
Oak Ridge area are collected, treated, and dis- 
posed of according to their physical states. Solid 
wastes are buried in a Conasauga shale forma- 
tion which has a marked ability to fix radio- 
active materials by an ion-exchange mechanism. 
Liquid wastes which contain long-lived fission 
products are confined in storage tanks or are 
released to trenches located in the Conasauga 
shale formation. Low-level liquid wastes are 
discharged, after preliminary treatment, to the 
surface streams. Air that may become con- 
taminated by radioactive materials is exhausted 
to the atmosphere from several tall stacks after 


2 Summarized from Environmental Levels of Radio- 
activity for the Oak Ridge Area, compiled by the Health 
Physics and Safety Section of the Health Physics Di- 
vision, Oak Ridge National Laboratory. 
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nature that plant environmental surveys are 
required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Operational 
Safety in directives published in the AEC Man- 
ual. 

Summaries of the environmental radioactiv- 
ity data follow for the Oak Ridge Gaseous Diffu- 
sion Plant, Paducah Plant, and the Portsmouth 
Area Gaseous Diffusion Plant. 





treatment by means of filters, scrubbers, and/or 
precipitators. 


Air Monitoring 


Atmospheric contamination by radioactive 
materials occurring in the general environment 
of east Tennessee is monitored by two systems 
of monitoring stations. One system consists of 
eight stations which encircle the plant areas 
(figure 1) and provide data for evaluating the 
impact of all Oak Ridge operations on the im- 
mediate environment. A second system consists 
of seven stations encircling the Oak Ridge area 
at distances of from 12 to 75 miles (figure 2). 
This system provides data to aid in evaluating 
local conditions and to assist in determining 
the spread or dispersal of contamination should 
a major incident occur. 

Sampling for radioactive particulates is car- 
ried out by passing air continuously through a 
filter paper. Average concentrations are pre- 
sented in table 1. Airborne radioactive iodine 
is monitored in the immediate environment of 
the plant areas by passing air through a cart- 
ridge containing activated charcoal. 
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Figure 1. Oak Ridge Area environmental sampling locations 


Table 1. Long-lived gross beta and alpha radioactivity in particulates 
in air Oak Ridge area, January-June 1966 





| Beta activity Alpha activity 
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Station number of Average | Percent | Average Percent 
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Figure 2. Remote air monitoring stations 
Oak Ridge Area 


Milk monitoring 


Raw milk is monitored for iodine-131 and 
strontium-90 by the collection and analysis of 
samples from 12 sampling stations located with- 
in a radius of 50 miles of ORNL. Samples are 
collected weekly at each of eight stations located 
on the fringe of the Oak Ridge area. Four sta- 
tions, located more remotely with respect to the 
Oak Ridge operations, are sampled at a rate of 
one station each week. The purpose of the milk 
sampling program is twofold: first, samples 
collected in the immediate vicinity of the Oak 
Ridge area provide data by which one may 
evaluate possible exposure to the neighboring 
population resulting from waste releases from 
Oak Ridge operations ; second, samples collected 
at the more remote stations provide background 
data which are essential in establishing the 
proper index for the evaluation of data obtained 
from local samples. The concentrations of 
iodine-131 and strontium-90 detected in raw 
milk samples during the period are given in 
table 2. 


Water monitoring 


Large-volume, low-level liquid wastes origi- 
nating at ORNL are discharged, after some 
preliminary treatment, into the Tennessee River 
system by way of White Oak Creek and the 
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Table 2. Radionuclides in raw milk, Oak Ridge area 
January-June 1966 





Concentration, pCi/liter 
Radionuclide and location 





Maximum | Minimum * | Average 





Iodine-131 
Immediate environs 124 
Remote environs 3 


Strontium-90 : 
Immediate environs 64 
Remote environs_..---..-..-- 39 











® The minimum detectable concentrations of iodine-131 and strontium-90 
in milk are 10 pCi/liter and 2 pCi/liter, respectively. In averaging, one- 
half of the minimum detectable concentration was used for all samples 
showing an activity less than this concentration. 


Clinch River. Liquid wastes originating at the 
ORGDP and Y-12 Plant are discharged to 
Poplar Creek and thence to the Clinch River. 
Releases are controlled so that resulting average 
concentrations in the Clinch River comply with 
AEC standards. The radioactivity concentra- 
tion from White Oak Creek is measured, and 
concentration values for the Clinch River are 
calculated on the basis of the dilution provided 
by the river. 

Water samples are taken at a number of 
locations in the Clinch River, beginning at a 
point above the entry of wastes into the river 
and ending at Center’s Ferry near Kingston, 
Tenn. Stream-gauging operations are carried on 
continuously to obtain dilution factors for cal- 
culating the probable concentrations of wastes 
in the river. 

Samples are analyzed for the long-lived beta 
emitters, uranium, and the transuranic alpha 
emitters. 

Analyses are made of the effluent for the 
long-lived radionuclides only, since cooling time 
and hold-up time in the waste effluent system 
are such that short-lived radionuclides are nor- 
mally not present. The average concentrations 
of major radionuclides in the Clinch River are 
given in table 3 for the period from January 
through June 1966. 


Gamma measurements 


External gamma radiation levels are meas- 
ured monthly at a number of locations in the 
Oak Ridge area. Measurements are taken with 
a Geiger-Mueller tube at a distance of 3 feet 
above the ground. The results are shown in 
table 4 in terms of mR/hr. 
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Table 3. Concentrations of major radionuclides in the 
Clinch River, January-June 1966 





Average concentration, pCi/liter 





Radionuclide ] 
Mile 23.1* | Mile 20.8 *> | 
(upstream) (outfall) 


Mile 4.5 * 
(downstream) 





Strontium-90 
Cerium-144 











® The location on Clinch River is given in terms of the distance upstream 
from the Tennessee River (figure 1). 

> The concentrations at mile 20.8 are not measured directly but the 
values are calculated based on the levels of waste released and the dilution 
afforded by the river. 

ND, none was detected. 


Table 4. External gamma radiation levels, Oak Ridge area 


January-June 1966 





Location 


| Average dose 
rates (mR/hr) 





Si ne ated inh aidan iaudadiilien ial 
ak tens cbusaabecwdées ; .| 
PETE EE ARR --| 
Gallaher Gate sn 
|. (en, ES 





Gy bh 64 Ot RN essbb béesisndnenesgcosens ' 





Discussion of data 


The average air-contamination levels for gross 
beta particle activity, as shown by the continu- 
ous air monitoring filter data, for both the imme- 
diate and remote environs of the plants (figures 
1 and 2) were 0.12 percent of the AEC stand- 
ard for populations in the neighborhood of a 
controlled area. These values are approximately 
one-third higher than those for the last half 
of 1965. The higher levels may be attributed 
to an increase in fallout from weapons testing. 

The average air-contamination levels for gross 
alpha particle activity, as shown by the continu- 
ous air monitoring filter data, for the immediate 
and remote environs of the plants were 0.35 per- 
cent and 0.25 percent, respectively, of the AEC 
standard for natural uranium for application 
to populations in the neighborhood of a con- 
trolled area. 

The average concentration of iodine—131 in 
air in the immediate environs of the plants was 
0.016 pCi/m*. This is approximately 0.016 per- 
cent of the AEC standard for populations in 
the neighborhood of a controlled area. 
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The average concentrations of iodine-131 in 
raw milk in the immediate and remote environs 
of the Oak Ridge area were 10 pCi/liter and 
6.3 pCi/liter, respectively. The maximum con- 
centration observed, 124 pCi/liter, occurred on 
May 25, 1966, approximately 3 days after the 
arrival in the Oak Ridge area of fallout con- 
taining fresh fission products. The average 
values fall within the limits of FRC Range I if 
the average intake per individual is assumed to 
be 1 liter of milk per day. 

The average concentrations of strontium—90 
in raw milk in the immediate and remote en- 
virons of the controlled area were 25 pCi/liter 
and 23 pCi/liter, respectively. These levels fall 
within FRC Range II for transient rates of 
daily intake of strontium—90 for application to 
the average of suitable samples of an exposed 
population. 

The calculated average concentration of 
radioactivity in the Clinch River at mile 20.8 
(the point of entry of most of the wastes) and 
the measured average concentration at mile 
4.5 (near Kingston, Tenn.) were 110 pCi/ 
liter and 17 pCi/liter, respectively. These values 
are 2.8 percent and 1.1 percent of the weighted 
average AEC standards. The average concen- 
tration of transuranic alpha emitters in the 
Clinch River at mile 20.8 was 0.12 pCi/liter, 
which is approximately 0.003 percent of the 
weighted average AEC standard. 

The average activity of natural uranium 
materials in the Clinch River, reflecting the 
effects of all Oak Ridge plants, was <0.01 per- 
cent of the AEC standard for uranium. 

The average external gamma radiation meas- 
ured in the town of Oak Ridge and at the perim- 
eter of the Oak Ridge area was 0.012 mR/hr, 
which is approximately the same as that level 
measured during the period prior to Oak Ridge 
operations. 


Conclusion 


Surveillance of the radioactivity in the Oak 
Ridge environs indicated that the major part 
of the radioactivity detected continues to be 
the result of fallout from weapons testing. 
While some low-level radioactivity is being re- 
leased to the environment from plant opera- 
tions, the resulting concentrations in both the 
atmosphere and surface streams of the Oak 


59 





Ridge environment are well below established 
AEC standards for the neighboring population. 


Recent coverage in Radiological Health Data and 
Reports: 

Period 

January—June 1964 

July—December 1964 

January—June 1965 

July—December 1965 


Issue 


January 1965 
July 1965 
January 1966 
September 1966 


2. Paducah Plant 
January-June 1966 * 


Union Carbide Corporation 
Paducah, Kentucky 


The Paducah Plant is a Government-owned 
gaseous diffusion plant operated by the Nuclear 
Division of the Union Carbide Corporation for 
the Atomic Energy Commission. The diffusion 
plant processes large quantities of relatively 
pure uranium compounds. A former source of 
diffusion plant feed, the uranium hexafluoride 
manufacturing plant, was placed on standby 
in June 1964. Parts of the associated uranium 
metal foundry are operated infrequently as the 
need arises; otherwise, it is also on standby 
status. A decontamination and uranium re- 
covery facility operates to prepare equipment 
for repair and to recover impure or scrap 
uranium materials. Depleted uranium metal is 
fabricated into shields, weights, or ballasts, or 
other shapes on a non-routine basis. The major 
sources of external penetrating radiation are 
the daughter products of uranium, thorium— 
234 and protractinium—234, which may be con- 
centrated by uranium recovery processes or by 
uranium hexafluoride vaporization. The ele- 
ment uranium can be a physiological hazard 
only if allowed to enter the body. The chemical 
toxicity of the uranium processed at the Pa- 
ducah Plant overshadows any probable bio- 
logical effects of radiation from this element, 


*Summarized from “Environmental Concentrations 
of Radioactive Materials near the Paducah Plant— 
Report for the First Half of 1966.” 
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thus making it comparable as a physiological 
hazard to lead, mercury, or other well-known 
heavy metals. 

Because of the necessity for health protection 
in process areas, the high intrinsic value of 
uranium, and the desire to maintain a whole- 
some relationship with neighboring communi- 
ties and individuals, the Paducah Plant pro- 
vides confinement and recovery to the greatest 
extent feasible. 

An environmental monitoring system checks 
the effectiveness of the confinement and re- 
covery systems of the plant. The environmental 
monitoring program provides for continuously 
sampling the air at four stations around the 
plant-perimeter fence, and at five stations lo- 
cated approximately 1 mile outside this fence 
(figure 3). Big Bayou Creek water is sampled 
continuously, and grab samples are collected at 
five locations in the Ohio River. In addition, 
gamma-radiation readings are taken each month 
at each of the air-sampling stations with a 
Geiger-Mueller-type meter at a distance of 3 
feet above ground level. 


Basic standards 


The standards observed at the Paducah Plant 
for exposure to radiation and radioactive mate- 
rials, both for the in-plant work environment 
of employees and for offsite exposure of the 
general population, are those listed in the AEC 
manual. 

The standards specify that the radiation or 
radioactive materials outside a controlled area, 
which have resulted from operations within 
that controlled area, shall be such that it is 
improbable that any individual may receive a 
dose of external radiation greater than 0.5 
rem in any year and that the average exposure 
of a suitable population sample may not exceed 
one-third of this dose. To meet this standard, 
the average concentration of radionuclides in 
air or water outside a controlled area should not 
exceed one-tenth of the maximum permitted for 
occupational exposure of 168 hours per week. 
For the purposes of such control, the concen- 
trations of such radionuclides in air or water 
may be averaged over periods of time up to 1 
year. 
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Figure 3. Sampling locations, Paducah Plant 


Discussion 


Data summarizing the environmental concen- 
trations of radioactive materials in air and 
water and the gamma radiation levels in the 
vicinity of the Paducah Gaseous Diffusion Plant 
are presented in tables 5 through 8. 

Air samples were collected continuously at 
each of the four stations at the plant-perimeter 


Table 5. Uranium radioactivity in outdoor air samples 


Paducah Plant, January-June 1966 





Uranium alpha radio- Mean 

activity > (pCi/m!*) as per- 
cent of 
concen- 
tration 
limit 4 


Sample location * 





Max- Min- 
imum | imum °* 





<0.02 
<0.02 
<0.02 
<0.02 


About 1 mile outside 
— perimeter fence 


West 
Southeast 




















* See map, figure 3. 

> As defined in NBS Handbook 69, paragraph 3.2, a microcurie of 
recently extracted normal uranium corresponds to 7.57 X 10‘ alpha dis/sec. 

¢ The minimum detectable concentration of uranium in air is 0.02 
pCi/m'. 

4 The concentration limit for natural uranium in air released to the 
environs beyond a controlled area is 2 pCi/m!*. 
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fence and at five stations at about 1 mile outside 
the plant. Air is filtered at 0.3 cfm through 2- 
inch-diameter membrane filters which are re- 
placed weekly and counted for alpha and beta 
radioactivity. 

The average alpha particle count—interpreted 
as uranium, the most likely source of activity— 


Table 6. Beta radioactivity in outdoor air samples 
Paducah Plant, January-June 1966 





Mean 
(pCi/m') | @8 per- 
Sample location * | cent of 
concen- 
Max- tration 
imum limit ¢ 


Beta radioactivity 





Min- | Mean 
| imum > 


| 





At plant perimeter fence 
Nort! ne teianed 


©e ssse 
8 8288 


About 1 mile outside 
plant perimeter fence 

















©' 9999 
8 88828 





* See map, figure 3. 

> The minimum detectable amount of beta emitters in air is 0.1 pCi/m’. 

© The concentration limit applicable to this table is 1,000 pCi/m', which 
is the concentration limit of thorium-234 the daughter product of uranium- 
238. Insignificant amounts of other daughters are present in freshly refined 
uranium. 
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Table 7. Concentrations of uranium in water 
Paducah Plant, January-June 1966 


Table 8. Beta radioactivity in water 
Paducah Plant, January-June 1966 








Uranium concentration» | Mean 
(pCi/liter) as per- 

—| cent of 
concen- 

Mean tration 
| limit 4 


Sample location * as SS we 
| Max- Min- 
| imum | imum °¢ | 


Big Bayou Creek | 
3 <1 ) 0.05 
Ohio River 
9 «al <1 <1 <0.01 
Composite 0 of 50, 51, 52, | | 
and 53_ aad 6 <1 <1 <0.01 


Mean 
as per- 


Beta eateostiety 
(pCi/liter) 
cent of 


| ; concen- 
Max- | Min- | Mean | tration 


Sample location * 








| 
imum | imum > limit ¢ 
| 


=~ Bayou Creek 

Ohio River 

Composite of 50, 51,52, 
d 53 


600 | <100| 100 
100 | <100 | 
500 | <100 | 











* See map. figure 3 
> As defined in N BS Handbook 69. paragraph 3.2. a microcurie of recently 
extracted normal uranium corresponds to 7.57 X 10‘ dis/sec. 
¢ The minimum detectable uranium in water is 1 pCi/liter. 
4 The concentration limit for natural uranium in water beyond a con- 


trolled area is 20,000 pCi/liter. 


of the 233 air samples collected during the first 
half of 1966 was less than 1 percent of the con- 
centration limit set for individuals residing in 
the vicinity of a controlled area. The mean beta- 
particle count of the same samples was 0.02 
percent of the concentration limit. 

The average uranium analysis of weekly 
water samples collected continuously from the 
Big Bayou during the first half of 1966 was 
0.05 percent of the concentration limit for water 
beyond a controlled area. The results of the 
uranium analyses for each of the six grab 
samples collected at monthly intervals from the 
Ohio River below the plant were equal to or 
less than 0.01 percent of the concentration limit. 

The concentration of beta emitters in the Big 
Bayou averaged 0.5 percent of the concentra- 
tion limit for the decay products of uranium— 
238 during the first half of 1966. The beta- 
particle activity of the Ohio River averaged 1 
percent of the concentration limit for uranium- 
238 decay products during the period. 

External gamma radiation in the vicinity of 
the Paducah Plant averaged 0.02 mR/hour at 
all sampling stations for the first half of 1966. 


Recent coverage in Radiological Health Data and 
Reports: 
Period Issue 


January—June 1964 February 1965 
1964 July 1965 
January—June 1965 January 1966 
July—December and 
calendar year 1965 July 1966 





* See map, figure 3. 
> The minimum detectable amount of beta emitters in water is 100 


pCi/ liter. 
¢ The concentration limit for the immediate daughter products of 
uranium in water released to the environs is 20,000 pCi/liter. 


3. Portsmouth Area Gaseous Diffusion Plant 
January-June 1966‘ 


Goodyear Atomic Corporation 
Piketon, Ohio 


The separation of uranium isotopes by the 
gaseous diffusion process presents control prob- 
lems similar to any chemical process using toxic 
solvents and extraction solutions. Natural 
uranium and thorium—234 are the most likely 
radionuclides to be released to the environment 
by the Portsmouth Area Gaseous Diffusion 
Plant. Since natural uranium is an alpha emit- 
ter, and thorium—234 is a beta-gamma emitter, 
environmental monitoring is conducted for evi- 
dence of alpha and beta-gamma emitters to test 
the effectiveness of plant controls. 

Air samples are generally collected monthly 
at 21 sites located from 1 to 6 miles from the 
plant as shown in figure 4. Monthly water sam- 
ples are collected at 13 stations within 5 miles 
of the plant. 

Average airborne alpha activity showed a 
reduction during the first half of 1966 when 
compared with the final period of 1965. The 
alpha activity dropped from 9.7 to 7.3 percent 
of the concentration standard. The airborne 
beta-gamma activity, however, increased slight- 
ly over the previous 6-month average. The in- 
crease, from 0.01 to 0.03 percent of the beta- 
gamma concentration standard, is attributed 
to statistical counting error. 


* Data summarized from B. Kalmon and S. H. Hulett: 
“Environmental Radiation Levels and Concentrations— 
First Half 1966,” GAT 528 (September 1, 1966). 
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Figure 4. Sampling locations, Portsmouth Area Gaseous 
Diffusion Plant 


During the period January-June 1966, both 
the average alpha and beta-gamma radioactivi- 
ties in water samples decreased to levels below 
those for the previous period. The average 
radioactivity monitored in water amounted to 
0.07 percent of the AEC concentration stand- 
ards for both alpha and beta-gamma emitters. 

Annual background exposure rates continued 
to decline during the first half of 1966, decreas- 
ing from 30.0 percent to 17.7 percent of the 
exposure standards in the past year. In the 
calculations it is assumed that all of the expo- 
sure rates are attributable to plant operations. 
As in the past, the offsite and onsite patterns 
are very much alike in form and intensity with 
no significant differences between the average 
values. From the onsite and offsite intensities 
and the continuing decline in exposure rates 
which followed the moratorium in nuclear test- 
ing activities, it is evident that the plant opera- 
tions have not added appreciably to the general 
background radiation. 

Average alpha and beta-gamma radioactivity 
in air and water are summarized in table 9. 
The external gamma-ray levels, measured at 
the air sampling locations shown in figure 4, 
are also summarized in table 9. The overall 


January 1967 


average concentrations and background expo- 
sure rates for the first half of 1966, along with 
the values for the first and second half of 1965 
and calendar year 1965, are presented in table 
10 as percents of standards. 


Table 9. E.. vironmental radioactivity 
Portsmouth Plant, January-June 1966 





Min- 
Type of monitoring | i | imum | 





Air 
Alpha radioactivity 

(pCi/m*) ; <0.1 
Beta-gamma radioactiv- 

ity (pCi/m®) -......-.- . <0.1 


Water | 
Alpha radioactivity, 
(pCi/liter) 171.0 | <0.5 14.0 
Beta-gamma radioac- } 
tivity (pCi/liter) 








| 238.0 | <14.0 13.9 


Background exposure > 
(mrad/hr) 


| | | 
126 0.023; <0.009 0.015) 
} | 





* The applicable AEC exposure standards are as follows: 

Air (alpha) 2 pCi/m!* 

Air (beta-gamma) 1,000 pCi/m'* 

Water (alpha) 20,000 pCi/liter 

Water (beta-gamma) 20.000 pCi/liter 

External beta-gamma 500 mrad/yr (approx. 0.06 mrad/hr) 

>» Measurements were made with an open-shield Geiger-Mueller tube 1 
foot above ground. he 3-foot rate (not shown) was experimentally 
determined to average two-thirds of the 1-foot rate and was used to de- 
termine the percent of the concentration standard 


Table 10. Comparison of average concentrations 
Portsmouth Plant, 1965 and January-June 1966 





| Percent of AEC concentration or 
exposure standard * 





Type of monitoring 


First Second |Calendar 
half half | year 


Alpha radioactivity -. . 
Beta-gamma radioactivity - 


Water nd 
Alpha radioactivity - — 
Beta-gamma radioactivity - - - -- 


Background exposure extrapolated 
to 3 feet above ground level - - - . 





* See footnote (a), table 9. 
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July 1965 
January 1966 
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July—December 1965 





Section V. Technical Notes 


REPORTED NUCLEAR DETONATIONS, DECEMBER 1966 


During December 1966, three U.S. nuclear 
tests were reported and one Chinese mainland 
nuclear test was detected. Project Sterling, a 
350-ton nuclear detonation experiment, was 
conducted on December 3, 1966. The detonation 
occurred some 2,700 feet underground in the 
Tatum Salt Dome near Hattiesburg, Mississippi. 
The experiment was designed to determine the 
extent of decoupling (a reduction of ground 
shock and other seismic signals) in a cavity 
formed by a previous nuclear detonation. 

A nuclear test of low yield (less than 20 kilo- 
tons TNT equivalent) was conducted under- 
ground on December 13, 1966, by the U.S. 
Atomic Energy Commission at its Nevada Test 
Site. A second nuclear test of intermediate yield 


(200 kilotons to one megaton TNT equivalent) 
was conducted underground on December 20, 
1966. 

The U.S. Atomic Energy Commission an- 
nounced detection of another nuclear test on 
the Chinese mainland in the atmosphere at their 
test site near Lop Nor on December 28, 1966. 
The yield was a few hundred kilotons TNT 
equivalent. 

Preliminary analysis indicates that the fifth 
Chinese mainland nuclear test contained ura- 
nium-238 and enriched uranium-—235 as the 
fissionable materials. This explosion, like the 
third Chinese mainland test, involved thermo- 
nuclear material. There are no indications that 
plutonium was used in the device. 
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A SUMMARY OF EXPOSURES TO THE OFFSITE POPULATION 
AS A RESULT OF NUCLEAR REACTOR TESTS CONDUCTED 
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1965. D. T. Oakley. Radiological Health Data and Reports, Vol. 8, 
January 1967, pp. 1-4. 


A summary of whole-body and thyroid exposures resulting from five 
nuclear reactor experiments conducted at the Nuclear Rocket Development 
Station during 1965 is presented. The exposures are compared with 
protection standards and it is shown that the exposures are small com- 
pared to the standards. 
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SYMBOLS, UNITS, AND EQUIVALENTS 





Unit 


Equivalent 





counts per minute 
disintegrations per minute 
disintegrations per second 
electron volt 


kilogram(s) 
uare kilometer(s) 

kilovolt peak 

cubic meter(s) 

milliampere(s) 

millicuries per square mile_. 

million electron 
volts. 

milligram(s) 

square mile(s) 

milliliter(s) 

..| millimeter(s) 

| nanocuries per square meter_ 


(mega) 


.| roentgen 
= of absorbed radiation 


ose. 








GeV 
3.710" dps 
0.394 inch 


16X10=" ergs 


1.6 10=* ergs 
1,000 g = 2.205 lb 


0.386 nCi rf square meter 
(mCi/km*) 
1.6X10=* ergs 


2.59 mCi per square mile 
10 = !? ourie = 2,22 dpm 


100 ergs per gram 
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